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ABSTRACT 


A  subsurface  study  of  the  five  main  bentonite  beds  (in  ascending 
order  designated  '  E',  'D',  ' C' ,  ' B ' ,  'A')  in  the  Lower  Cretaceous 
Viking  Formation  of  southeastern  and  central  Alberta,  between  Townships 
21  and  60,  and  Ranges  3  and  28  west  of  the  Fourth  Meridian,  shows  their 
stratigraphic  and  geographic  distributions  through  a  combination  of 
electric  log  and  chemical  correlations.  More  than  1000  electric  well 
logs  and  102  Viking  cored  wells  were  studied. 

From  one  to  a  maximum  of  eight  bentonite  beds  were  observed  in 
most  of  the  cores,  with  thicknesses  ranging  from  less  than  one  inch  to 
24  inches.  The  bentonites  are  biotite-rich,  although  biotite  grain 
size  varies  from  very  fine  to  coarse.  Log  correlations  and  core 
studies  show  that  most  of  the  bentonites  are  laterally  restricted  in 
occurrence,  except  for  'E',  ' C'  and  'A'. 

X-ray  fluorescence  analysis  of  these  bentonites  for  the  elements 
A1 ,  K,  Ca,  Ti,  Mn,  Fe,  Sr,  Rb,  and  Zr  was  carried  out  to  determine  the 
usefulness  of  each  in  characterizing  the  ashes,  and  to  substantiate  the 
log  correlations.  The  element  combination,  K-Ca-Ti ,  and  the  ratios 
Ca/Sr  and  K/Rb  were  found  to  be  the  most  useful  in  the  characterization 
and  discrimination  of  these  ashes.  The  early  bentonites  are  rich  in 
calcium,  while  the  later  ones  are  potassium- rich. 

The  maximum  biotite  grain  size  distribution,  and  the  positive 
linear  relationship  between  the  former  and  Fe/Mn  ratio,  tentatively 
indicate  a  southwesterly  source  location  for  the  earlier  bentonites. 

A  rough  positive  linear  relationship  between  maximum  biotite  grain 
size  and  Ca/Sr  ratio  for  the  uppermost  bentonite,  and  Fe/Mn  ratio  for 
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the  lowest  bentonite  support  the  hypothesis  that  a  variation  in 
bentonite  chemistry  with  distance  from  source  is  in  part  a  function 
of  grain  size. 

Cross  sections  and  a  fence  diagram  utilizing  the  bentonites  as 
time  planes  show  that  the  Viking  Formation  is  divisible  into  Basal, 
Lower,  and  Upper  sand  units.  Deposition  of  the  first  thin  northwest¬ 
trending  Basal  sand  north  of  Township  30  followed  the  eruption  of  the 
earliest  volcanic  ash.  However,  deposition  of  the  northwest-trending 
Lower  sand  in  the  extreme  southeast  of  the  study  area  began  slightly 
earlier.  Deposition  of  this  Lower  sand  continued  and  extended  to  the 
southern  and  central  parts  of  the  study  area  during  the  eruption  and 
subsequent  deposition  of  the  '  C'  volcanic  ash,  while  north  of  Township 
39,  deposition  of  another  northwest-trending  Lower  sand  succeeded  it. 
This  latter  sand  unit  is  separated  from  the  former  by  an  area  of 
non-sand  deposition,  around  Townships  34  and  37,  Ranges  15  to  22W4.  A 
probable  marine  incursion,  or  a  temporary  cessation  of  sand  deposition 
possibly  related  to  the  depositing  mechanism  arrested  sand  development 
almost  throughout  the  study  area.  Eruption  and  preservation  of  the  'A' 
volcanic  ash  occurred  at  this  time.  In  the  extreme  southwest  and 
southeast  parts  of  the  study  area,  this  event  coincided  with  the  early 
deposition  of  the  Upper  sand  which  eventually  terminated  Viking 
deposition  south  of  Township  34.  Thus,  the  Viking  Formation  is 
generally  younger  to  the  south  than  in  the  north. 

Relative  to  these  time  planes,  there  seems  to  be  no  dominant 
direction  of  sand  progradation.  Rather,  sand  progradation  appears  to 
change  with  time.  An  early  westerly  (landward)  progradation  is 
indicated  by  the  lower  sand  in  the  southeast  part  of  the  study  area, 
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where  sand  development  is  also  thickest.  Slightly  north  of  this 
area,  a  late  northwesterly  or  easterly  progradation  is  also  apparent. 
Between  Townships  40  and  44,  an  early  northeasterly  shift  in  deposition 
and  a  later  dominant  westerly  progradation  are  also  indicated  for  the 
Lower  sand  of  this  area.  The  Upper  sand  unit  also  shows  both  easterly 
and  westerly  directions  of  progradation.  These  suggest  opposing 
directions  of  sand  transport.  In  general,  the  rate  of  sand  deposition 
and  progradation  appears  to  have  been  rapid. 
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CHAPTER  1 


INTRODUCTION 

Objectives  and  Scope  of  Study 

A  previous  study  by  Tizzard  (1974)  and  Tizzard  and  Lerbekmo  (1975) 
resulted  in  the  correlation  of  a  thick  coarse  biotite-rich  bentonite 
bed  in  well  cores  from  the  Viking  Formation  in  the  Suf field  area  of 
southern  Alberta  (Townships  19  to  26,  Ranges  1  to  16W4M) .  Tizzard 
further  observed  that  the  characteristic  electric  log  signature  of  the 
bentonite  (positive  spontaneous  potential  and  a  low  resistivity)  was 
present  in  electric  logs  of  wells  to  the  west  and  north  of  his  study 
area.  This  observation  stimulated  the  present  project.  The  thickness 
and  composition  of  this  bentonite  apparently  made  it  unique  and  easily 
differentiable  from  other  thin  fine  bentonites  within  the  formation  in 
the  Suffield  area.  The  primary  objective  of  the  present  study  was  to 
trace  this  bentonite  horizon  to  the  north  and  west  of  the  Suffield  area 
and  thus  attempt  to  establish  a  time  datum  in  the  Viking  Formation  on 
a  more  regional  scale.  This  datum  could  then  be  used  to  interpret  the 
depositional  history  of  the  Viking  sandbodies  which  act  as  reservoirs 
for  petroleum  hydrocarbons.  It  was  envisaged  that  a  chemical  correlation 
based  on  elemental  analyses  would  be  necessary  to  strengthen  visual  log 
correlation  on  a  regional  scale  of  wider  observation  points. 

Figure  1  shows  the  geographic  setting  of  the  area  of  study  located 
in  south-central  Alberta  as  well  as  that  of  Tizzard' s  study  (1974).  It 
embraces  Townships  27  to  60,  Ranges  8  to  28  west  of  the  4th  meridian, 
covering  an  area  of  approximately  24,480  square  miles.  The  presence 
of  oil  and  gas  fields  insured  availability  of  well  logs  and  cores. 
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Figure  1.  Location  map  of  study  area. 


A  preliminary  study  of  the  geographic  distribution  of  bentonites  as 
interpreted  from  well  logs  helped  to  delineate  the  study  area. 

Some  Viking  Oil  and  Gas  Pools  in  Central  and  East  Central  Alberta 

The  stratigraphic  position  of  the  Viking  Formation  and  the 
geographic  distribution  of  some  of  its  oil  and  gas  fields  are  shown  in 
Figures  2  and  3.  The  former  is  illustrated  with  electric  logs  from 
wells  10-32-28- 16W4M  and  11-33-59-27W4M,  approximately  208  miles  apart. 
They  show  a  multiple  sand  development  (2  or  3  sand  bodies)  characters ti 
of  the  formation  in  the  study  area.  These  sand  bodies  are  intercalated 
with  sandy  shale,  shale  and  silty  shale  units.  However,  exceptions 
occur,  particularly  in  the  east  and  west,  where  only  one  thin  sand 
body  developed.  In  other  places,  sand  development  is  very  poor  to 
absent.  Individual  sand  bodies  vary  in  maximum  thickness  from  70  ft. 
to  about  5  ft.  The  formation  in  the  study  area  occupies  a  relatively 
constant  stratigraphic  position  with  respect  to  time.  Regionally  the 
formation  is  underlain  by  the  Joli  Fou  shales,  except  in  the  south  and 
west  of  Alberta.  South  of  twp.  20  it  loses  its  lithologic  identity  and 
is  indistinguishable  from  the  overlying  Bow  Island  sands  and  shales  - 
a  stratigraphic  equivalent  of  the  Viking.  To  the  west,  the  Joli  Fou 
pinches  out  and  the  Viking  Formation  merges  with  the  underlying 
Blairmore  Group  of  the  Foothills.  The  Lloydminster  Shale  overlies  the 
Viking  in  the  central  Alberta  Plains.  Economically,  the  formation 
produces  11%  of  the  gas  reserves  of  Alberta  and  2%  of  the  oil  reserves 
(Larson,  1969;  White,  1960).  The  significant  oil  fields  in  terms  of 
reserves  include  Joarcam,  Joffre  and  Hamilton  Lake. 

The  Joarcam  field,  discovered  in  1949,  is  situated  approximately 
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Figure  2. 


Stratigraphic  position  of  the  Viking  Formation  as  observed 
in  Electric  logs. 
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20  miles  southeast  of  Edmonton.  It  is  roughly  30  miles  long  and  2  to 
4  miles  wide,  occupying  an  area  of  approximately  20,000  acres.  The 
stratigraphic  trap- type  reservoir  sand,  changes  facies  laterally  to 
shale  to  the  northeast  on  a  homoclinal  structure.  The  maximum  reservoir 
thickness  of  the  lower  sandstone  is  about  30  ft.  with  an  average  of  21% 
intergranular  porosity.  Maximum  oil  zone  thickness  is  28  ft.  with  an 
average  of  7  ft.  The  northern  part  of  the  reservoir  is  capped  by  a 
maximum  gas  zone  23  feet  thick.  Estimated  oil  in  place  is  150  million 
stb. 

The  Joffre  field  was  discovered  in  1953.  It  is  located  to  the 
immediate  east  of  Red  Deer.  The  field  is  23  miles  long  and  about  lh 
miles  wide,  an  area  of  about  12,400  acres.  The  reservoir  is  a  porous 
sand  lens  surrounded  by  impermeable  sandy  shale  and  shale  beds.  It  is 
a  lower  Viking  sandbody  within  a  localized  sand  development  along  the 
Joffre  -  Gilby  trend.  Average  porosity  and  permeability  are  13.2%  and 
190  md.  respectively.  Estimated  maximum  reservoir  thickness  is  30  ft. 
with  an  average  oil  zone  thickness  of  10.2  ft.  Estimated  reserves 
(in-place)  are  79  million  stb. 

The  Hamilton  Lake  field  discovered  in  1952  is  also  a  stratigraphic 
trap.  The  reservoir  sand  pinches  out  into  shale.  Two  pools  are 
present.  The  estimated  in-place  reserves  of  the  lower  Viking  A  and  B 
pools  adds  up  to  43  million  stb. 

Other  oil  fields  in  the  study  area  include  Battle  North  and  South, 
and  the  Gilby  -  Bentley  field  to  the  immediate  southwest  of  the  study 

area. 

The  main  gas  fields  in  the  area  include  Viking-Kinsella,  Provost 
and  Westlock.  The  Viking-Kinsella  field  is  located  about  85  miles 


I 


. 


\ 


. 

i  *  5  “  s.  1 4  f  -  - 

. 


. 


■  •  -  •  -• 


southeast  of  Edmonton  and  was  discovered  in  1914.  The  name  Viking 
Formation  hails  from  this  locale.  The  reservoir  sand  pinches  out 
up-dip  due  to  a  lateral  facies  change.  It  covers  an  approximate  area 
of  342,000  acres.  Maximum  gas  pay  thickness  of  the  lower  sand  is  15  ft. 
with  an  average  of  5.3  ft.  Porosity  is  24%,  and  estimated  in-place 
reserves  are  947  bcf. 

The  Main  Provost  field,  discovered  in  1946,  is  situated  140  miles 
southeast  of  Edmonton  near  the  Alberta-Saskatchewan  border.  The  Provost 
lower  Viking  reservoir  sand  is  a  lens  enclosed  in  impermeable  shale. 
Average  porosity  is  22.1%,  and  the  maximum  gas  pay  thickness  is  about 
20  ft.  with  an  average  of  5.8  ft.  The  field  occupies  an  area  of 
approximately  416,600  acres  with  estimated  in-place  gas  reserves  of 
813  bcf. 

The  Westlock  field  is  located  80  miles  northwest  of  Edmonton  and 
is  the  northwesternmost  field  within  the  northwest-southeast  trend  of 
the  Viking  gas  fields.  It  was  found  in  1949.  The  reservoir  trap  is 
an  up-dip  porosity  pinchout  due  to  facies  change  from  sandstone  to 
shale.  It  covers  an  approximate  area  of  200,400  acres.  The  lower  and 
upper  Viking  sands  are  both  productive.  In-place  estimated  reserves 
of  the  non-associated  gas  is  of  the  order  of  456.5  bcf.  Other  gas 
fields  in  the  area  include  Beaverhill  Lake,  Calmette-Vimy  pools  of 
Westlock,  Fairydell  Bon-Accord,  Fort  Saskatchewan, Huxley ,  Provost 
(Kessler  and  Brownsfield  areas)  and  Red  Willow.  The  foregoing  show  the 
economic  importance  of  the  Viking  Formation. 

i 

Previous  Studies 
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western  Saskatchewan  has  been  fairly  intensively  studied.  This  is 
obviously  related  to  its  economic  significance.  However,  the  focus 
of  most  published  works  appears  to  have  centered  on  the  environment 
of  deposition.  Gammell  (1955)  used  petrographic  evidence  to  interpret 
the  regional  composition  of  the  formation.  He  further  used  the 
stratigraphic  position  and  relationships  of  the  Viking  Formation  to 
conclude  that  the  sandbodies  were  generally  regressive.  Roessingh 
(1959)  attempted  an  east-west  correlation  of  Viking  bentonites  in  the 
southern  plains  of  Alberta.  He  concluded  that  the  bentonites  occurred 
approximately  within  the  same  stratigraphic  position  relative  to  the 
top  of  Viking  Formation.  He  used  this  and  the  presence  of  chert  pebbles 
and  microstructural  features  in  the  formation  to  argue  against 
regression  and  diachronism  of  the  sandbodies,  and  preferred  deposition 
by  turbidity  currents  in  agreement  with  Beach  (1955,  1956).  De  Wi el 
(1956)  and  Jones  (1961)  opposed  this  idea  and  proposed  deposition  in  a 
shallow  epicontinental  sea.  Tizzard  and  Lerbekmo  (1975)  used 
sedimentary  structures  and  the  shape  of  the  spontaneous  potential  logs 
to  interpret  these  sandbodies  as  barrier  bars,  an  idea  previously 
forwarded  by  Stelck  (1958)  and  for  the  correlative  Muddy  Sandstone, 

Berg  and  Davis  (1968)  and  Shelton  (1973).  A  tidal  current  origin  of 
the  Viking  Formation  sands  in  the  Dodsland-Hoosier  area  of  southwest 
Saskatchewan  was  advanced  by  Evans  (1970)  using  geographic  orientation, 
imbricate  arrangement  and  size  of  the  sandbodies.  Koldijk  (1976)  used 
the  absence  of  sedimentary  characteristics  of  a  normal  barrier  island, 
matrix  supported  conglomerates,  and  the  sizes  of  the  phenoclasts  and 
matrix,  as  evidence  supporting  deposition  offshore  by  ephemeral 
currents  generated  by  severe  storms  for  the  Gilby  Viking  B  sandstone. 
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This  degree  of  variation  in  the  environment  of  deposition  for  the 
Viking  sands  is  likely  too  extreme  to  be  correct,  but  suggests  the 
possibility  of  a  complex  dynamic  depositional  system  within  the  Viking 
sea.  This  is  likely  because  it  was  a  "transitional"  sea  arising  from 
the  merger  of  the  northern  Boreal  and  the  southern  Gulf  of  Mexico  seas. 
However,  a  detailed  diagnosis  of  the  anatomy  and  morphology  of  these 
sandbodies  relative  to  Viking  time  planes  in  different  areas  will  aid 
and  promote  an  integrated  interpretation  and  understanding  of  the 
various  depositional  environments  in  the  Viking  sea. 

Stelck  (1958,  1975)  established  the  age  of  the  Viking  as  middle 
Upper  Albian  using  both  macro  and  micro  faunal  evidence  from  the  shale 
beds  underlying  and  overlying  the  Viking  Formation. 


» 


CHAPTER  2 


METHOD  OF  STUDY 

More  than  1,000  electric  well  logs  (spontaneous  potential  and 
resistivity)  were  examined  at  the  Alberta  Research  Council,  Edmonton, 
to  establish  the  characteristic  resistivity  signature  in  the  study  area 
of  the  datum  bentonite  used  by  Tizzard  (1974).  This  was  possible 
because  of  the  high  well  density  due  to  the  presence  of  oil  and  gas 
fields  in  the  area.  This  exercise  enabled  a  tentative  decision  on  the 
presence  or  absence  of  the  bentonite  in  the  wells  to  be  made,  and  gave 
a  general  idea  of  its  geographic  distribution.  Copies  were  made  of  logs 
which  indicated  the  bentonite  horizon. 

During  this  phase  of  the  study,  it  was  observed  that  the  bentonite 
signature  was  missing  in  some  logs  while  more  than  one  signature  showed 
up  in  others.  The  former  situation  implies  that  the  volcanic  ash  does 
not  occur  in  the  area,  or  is  intercalated  with  clay  shale,  in  which 
case  it  is  not  easily  differentiated  on  the  log.  If  deposited  on  a 
sand  bottom,  the  ash  would  be  easily  eroded  by  the  more  severe  currents 
or  waves  common  in  such  a  depositional  environment.  The  presence  of 
more  than  one  signature  suggests  that  several  bentonite  horizons  are 
present  in  the  formation,  as  reported  by  some  earlier  workers 
(Roessingh,  1959;  Jones,  1961;  Tizzard  and  Lerbekmo,  1975).  In  logs 
where  the  bentonite  type  signals  showed  up,  their  depths  and  strati¬ 
graphic  relationships  to  the  sandbodies  were  noted.  This  facilitated 
later  correlation  with  the  cored  wells  in  the  Viking  Formation. 

The  second  phase  of  the  study  involved  the  inspection  of  more 
than  1500  well  data  cards  at  the  Research  Council.  This  was  under- 
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taken  to  note  wells  with  cores  from  the  Viking  interval,  the  location 
of  the  cores,  and  to  see  if  bentonite  intervals  indicated  in  the  logs 
were  actually  cored.  Unfortunately ,  some  wells  which  show  the  distinct 
bentonite  signals  were  not  cored.  In  some  of  the  wells  with  both 
bentonites  and  cores,  the  bentonite  horizons  were  either  purposely 
skipped  during  coring  operations  or  coring  did  not  reach  them.  These 
are  evident  on  inspection  of  the  cored  intervals. 

For  well  logs  without  bentonite  signals,  the  cored  intervals  were 
also  recorded,  since  bentonite  presence  cannot  be  completely  ruled  out 
on  the  basis  of  lack  of  log  characteristics.  A  total  of  102  cored  wells 
emerged  from  this  search.  This  by  no  means  implies  that  only  102 
Viking  cored  wells  are  present  in  the  study  area. 

The  third  phase  of  this  study  was  to  check  the  physical  presence 
of  the  bentonites  at  the  corehouse  of  the  Alberta  Energy  Resources 
Conservation  Board  in  Calgary.  This  initially  involved  examining  the 
cores  at  the  log  indicated  depths  for  the  bentonite(s)  and  collecting 
bentonite  samples.  A  base  map  of  Alberta  containing  well  locations, 
obtained  from  Canadian  Stratigraphic  Services,  facilitated  simultaneous 
location  of  the  wells  on  map  as  the  cores  were  examined.  This  made  it 
possible  to  follow  the  geographic  distribution  of  the  bentonite(s)  in 
the  field  and,  most  importantly,  controlled  the  sequence  in  which  the 
cores  were  examined.  Figure  3  shows  the  locations  of  cored  wells 
examined.  It  was  observed  that  some  of  the  cores  whose  logs  showed  the 
distinct  bentonite  signal  did  not  contain  the  bentonite  at  the  expected 
log  depth.  When  these  cores  were  examined,  some  were  highly  reworked 
or  bioturbated  at  this  horizon.  This  suggests  that  the  volcanic  ash 
was  completely  mixed  with  the  sediments  by  organisms.  However,  the 
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ash  still  differentiates  the  horizon  chemically  from  the  rest  of  the 
bed,  as  the  characteristic  signal  still  shows  up.  In  other  cores, 
this  horizon  is  missing  in  the  core  boxes,  suggesting  that  if  originally 
present,  the  sample  was  either  lost  or  had  been  completely  sampled  by 
earlier  workers.  In  those  wells  with  cores  but  no  bentonite  log 
signal,  bentonite  horizons  were  usually  found.  In  most  of  these  cases 
they  were  located  in  thin  shale  units  intercalated  in  sand,  or  at  the 
immediate  base  of  a  sand,  suggesting  that  the  spontaneous  potential  of 
the  sands  must  have  in  part  obliterated  the  effect  of  the  bentonites; 
hence  they  were  not  distinct  in  the  logs.  In  others  the  bentonites 
were  very  thin  and  as  such  could  not  influence  the  electric  log  curve. 

In  general,  65  of  the  102  cored  wells  contained  bentonite  horizons. 
Ten  of  these  contained  the  initial  bentonite  of  interest  (a  thick 
coarse  biotite-rich  bentonite)  (see  Appendix  A  for  location  and  field 
descriptions).  The  maximum  number  of  horizons  observed  in  a  single 
well  varied  from  one  to  eight.  Variations  in  thickness  ranged  from 
less  than  1  in.  to  24  in..  Qualitatively,  the  texture  varies  from 
coarse  to  fine.  The  bentonites  occur  in  various  lithologies  ranging 
from  shale  through  silty  shale  and  sandy  shale  to  rarely  sand,  and  in 
varying  degrees  of  preservation  and  purity.  Four  of  the  bentonites 
are  rich  in  biotite,  but  the  biotite  grain  size  varies  from  medium  to 
coarse;  the  thicknesses  range  from  1  in.  to  24  in..  This  examination 
thus  showed  the  presence  of  more  than  one  thick  coarse  biotite-rich 
bentonite  as  opposed  to  the  observations  of  Tizzard  and  Lerbekmo  (1975). 
These  four  bentonites  constituted  the  bentonites  of  interest  in  this 
study. 

Poor  core  recovery,  different  coring  techniques  and  the 
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restriction  by  the  Energy  Resources  Conservation  Board  on  sample  size 
allowed  to  be  collected  (1  cubic  inch)  limited  the  quantity  of  samples 
taken,  which  later  influenced  some  analyses  of  interest. 

Where  practicable  the  collected  samples  were  split  into  three 
unequal  parts.  Two  were  used  for  X-ray  fluorescence  and  biotite  grain 
size  analyses.  Small  samples  only  were  used  for  the  former;  the  third 
split  was  preserved  for  reference. 

The  various  techniques  used  in  characterizing  volcanic  ashes  and 
pyroclasts  were  exhaustively  reviewed  by  Smith  and  Westgate  (1968).  It 
was  felt  that  analyses  of  some  major,  minor  and  trace  elements  in  the 
Viking  bentonites  using  the  XRF  technique  would  characterize  them,  and 
hence  make  correlation  possible.  This  would  not  only  confirm  or 
contradict  their  log  correlations,  but  would  serve  to  correlate  them 
uniquely  in  the  study  area.  Time  planes  would  be  established  for  the 
Viking  Formation,  and  these  used  to  discuss  the  time  stratigraphic 
correlation  and  depositional  history  of  the  formation.  Lerbekmo  and 
Campbell  (1969)  studied  the  White  River  Ash  in  the  Yukon  Territory. 

They  hypothesized  that  the  relationship  of  chemistry  to  distance  from 
source  is  a  function  of  particle  size  and  density.  This  was  supported 
by  the  low  K/Rb  ratio  related  to  decrease  in  particle  size  of  the  glass 
fraction. 

A  few  grain  size  analyses  were  carried  out  in  the  present  study  to 
examine  the  biotite-size  distribution.  This  was  to  test  the  above 
hypothesis  and  determine  in  relative  terms  the  approximate  location  of 
the  eruption  centre,  as  grain  size  will  in  general,  decrease  with 
distance  from  eruptive  centre.  The  distribution  might  also  be  used 
to  characterize  the  bentonites. 
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CHAPTER  3 


GENERAL  STRATIGRAPHY  AND  SEDIMENTOLOGY 

OF  THE  VIKING  FORMATION 


The  name  'Viking*  was  first  used  by  Slipper  (1917)  to  denote  the  gas 
reservoir  sands  of  the  Viking-Kinsella  field  in  east-central  Alberta. 

The  sand  is  strati  graphically  located  approximately  140  ft.  above  the  base 
of  the  Colorado  Group  in  this  area;  it  is  underlain  by  marine  Joli  Fou 
shales,  and  overlain  by  the  marine  Lloydminster  Shale.  Usage  of  the  term 
has  been  extended  to  include  similar  sandbodies  in  about  the  same  strati¬ 
graphic  position  in  central  Alberta  and  southwestern  Saskatchewan.  The 
Viking  was  initially  classified  as  a  member  of  the  Colorado  Group  (Hunt, 
1954;  Reasoner  and  Hunt,  1954;  Gammell,  1955).  It  was  later  upgraded  to 
the  rank  of  formation  (Magditch,  1955;  Stelck,  1958).  Figure  4  shows  the 
stratigraphic  position  of  the  Viking  Formation  and  its  correlatives  in 
Alberta  and  neighbouring  areas. 

The  Colorado  sea  covered  the  continental  Upper  Man vi lie  in  mid- 
Cretaceous  time  and  the  Joli  Fou  Shale  was  the  first  marine  deposit  in 
this  sea.  It  is  well  marked  on  electric  logs  throughout  the  area  of  study. 
The  westward  pinchout  of  this  formation  resulted  in  a  merging  of  the  over- 
lying  Viking  with  the  underlying  non-marine  Manville  Group  to  form  the 
Blairmore  Group  of  the  Foothills.  To  the  south  also,  the  Joli  Fou  becomes 
indistinguishable  from  the  Viking  Formation  and  both  grade  into  the 
Bow  Island  Formation.  Regionally  the  Viking  Formation  thins  progressively 
to  the  northeast  and  east  and  finally  pinches  out  in  the  vicinity  of  St. 
Paul  (twp.  58,  rge.  9W4M)  (Gammell,  1955).  Farther  to  the  northeast  and 
in  the  northwest  of  Alberta,  sands  in  similar  stratigraphic  position  are 


14 


. 


;  •.  I.  ;  ^  '  * 

■ 


Figure  4.  Stratigraphic  Correlation  of  the  Viking  Formation  in  Central  Alberta  and  Neighbouring  Areas. 
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respectively  known  as  the  Pelican  Formation  and  the  Paddy  Member  of  the 
Peace  River  Formation  (in  part).  The  Viking  Formation  is  a  time  strati¬ 
graphic  equivalent  of  the  Silt  Member  of  the  Ash vi lie  Formation  in  south¬ 
western  Manitoba,  the  Muddy  Sandstone  of  Wyoming,  and  the  Newcastle  Sand¬ 
stone  of  Montana  and  northern  Dakota  (Stelck,  1958,  1975;  Glaister,  1959; 
Rudkin,  1964;  Berg  and  David,  1968). 

Stelck  (1958,  1975)  used  macro-and  micro-faunal  evidence  in  the  for¬ 
mations  above  and  below  the  Viking  Formation  to  establish  the  age  of  the 
Viking  Formation  as  of  the  mid-Upper  Albian  stage  of  the  Lower  Cretaceous. 

The  underlying  Joli  Fou  Shale  carries  the  foraminifera  Haplophragmoi des 
gi gas  and  the  pelecypod  Inoceramus  comancheanus  (a  migrant  form  from  the 
Gulf  of  Mexico).  These  species  have  been  established  to  range  from  the 
uppermost  Mid-Albian  to  the  lowest  part  of  the  Upper  Albian.  The  over- 
lying  shales  yield  the  foraminifera  Miliamina  manitobensis  and  much 
higher  the  endemic  Neogastropl ites.  The  intercalated  Viking  Formation  was 
therefore  considered  likely  to  be  mid-Upper  Albian.  Potassium-argon 
absolute  ages  obtained  from  biotite  and  sanidine  in  some  Viking  Formation 
bentonites  range  from  94-118  ma.  with  an  average  of  100±2  ma.  (Tizzard,  1974). 

Regionally  the  Viking  consists  of  a  sequence  of  proto-quartzites  rich 
in  chert  pebbles,  interbedded  with  dark  grey  to  grey  siltstones  and 
bentonitic  shales.  Ironstone  concretions  occur  in  the  sand  units. 

Locally  a  chert  pebble  stringer  or  a  chert-rich  sandstone  commonly  tops  the 
formation.  The  sandy  unit  varies  greatly  in  coarseness  and  thickness.  In 
general,  it  thins  and  becomes  finer-grained  and  more  shaly  towards  the 
northeast  and  east,  suggesting  a  western  or  southwestern  major  source 
area  for  the  elastics.  The  average  thickness  of  the  formation  in  the 
study  area  is  about  75  ft. 
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CHAPTER  4 


VIKING  BENTONITES 


Most  published  works  on  the  Viking  Formation  mention  the  occurrence 
of  bentonites  or  bentonitic  shales.  However,  only  a  few  workers  have 
attempted  detailed  log  correlations  of  these  beds  in  spite  of  their 
time-stratigraphic  significance.  If  their  geographic  distribution  is 
regionally  widespread  and  correctable,  time  planes  could  be  established 
facilitating  interpretations  of  the  depositional  history  of  the  formation. 

Roessingh  (1959)  noted  the  presence  of  a  bentonite  horizon  in 
approximately  the  same  stratigraphic  position,  relative  to  the  top  of 
the  Viking  Formation,  in  well  Parkland  4-12-15-27W4M  and  in  a  Grassy 
Island  Lake  well  in  twp.  32  rge.  7W4M  in  south-central  Alberta.  He  used 
this  relationship  to  contradict  the  concept  of  a  transgressive  or 
regressive  Viking  sand,  as  the  sand  did  not  transgress  the  time  plane. 

The  presence  of  more  than  one  bentonite  horizon  in  the  formation,  and 
the  large  distance  between  the  wells  (17  twps.)  make  his  correlation 
doubtful  and  vague. 

Jones  (1961)  observed  and  correlated  in  some  detail  two  bentonitic 
shales  within  the  Viking  Formation  and  one  bentonite  horizon  closely 
above  it,  in  southwestern  Saskatchewan.  He  labelled  them  beds  1,  2  and 
3  in  decreasing  stratigraphic  age.  Bed  3  forms  a  useful  stratigraphic 
marker  when  present.  They  vary  in  thickness  from  1/ 10th  in.  to  18  in. 

He  correlated  bed  3,  1  in.  thick,  located  at  the  top  of  the  Viking  in 
Husky  Phillips  Prelate  well  11-28-23-25W3M,  to  a  %  in.  thick  bentonite 
located  in  shale  two  feet  above  the  Viking  in  well  Imperial  Marengo 
11_2 1-29-27W3M.  He  used  the  two-foot  difference  in  shale  thickness 
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between  the  two  wells  38  miles  (61  km)  apart  in  a  north-northwest 
direction  to  conclude  that  the  Viking  Formation  is  slightly  diachronous 
nearly  parallel  to  the  paleo-strandline,  and  that  one  would  expect 
greater  diachronism  at  right  angles  to  the  shifting  strandline.  In 
Imperial  Marengo  11-21-29-27W3M,  bed  3  is  19  ft.  above  the  Viking  sand. 
He  used  this  fact  to  suggest  inclusion  of  an  upper  shale  within  the 
formation.  The  results  of  the  present  study  support  his  findings. 

Evans  (1970)  correlated  two  impure  light-grey  soapy  shale  units 
with  a  high  bentonite  content  in  wells  located  between  twps.  32  and  30, 
rges.  20  to  28  W3M.  His  "MN"  bentonitic  shale,  3  ft.  thick,  merges 
with  the  bentonitic  Joli  Fou  Formation,  becoming  unrecognizable  north 
of  the  area.  He  interpreted  this  loss  of  identity  to  be  related  to 
subaqueous  erosion  prior  to  deposition  of  the  overlying  shale.  Above 
this  horizon,  and  located  at  the  base  of  a  sandstone  unit,  is  his  "K" 
bentonitic  shale  1  to  3  ft.  thick.  Using  these  bentonitic  shales,  he, 
in  part,  established  the  imbricate  linear  arrangement  of  the  Viking 
Formation  sandbodies  in  the  Dodsland-Hoosier  area  of  southwestern 
Saskatchewan. 

Tizzard  (1974)  noted  the  presence  of  several  bentonite  horizons  in 
the  Suf field  area.  He  correlated  one  of  them,  a  coarse  biotite-rich 
bentonite  6-12  in.  thick  and  established  a  time  datum  for  the  Viking 
Formation  in  this  area.  He  further  obtained  potassium-argon  radiometric 
ages  from  the  biotite  and  sanidine  in  the  bentonite  from  two  wells  42 
miles  apart  ( 11-23-23- 14W4  and  1-13-23- 7W4) .  Dates  from  the  former 
ranged  from  94-98  ma.,  and  95-118  ma.  for  the  latter.  This  variation 
could  in  part  be  either  related  to  the  dating  technique,  or  suggests  a 
possible  involvement  of  another  stratigraphic  bentonite  horizon.  He  did 


* 


'  <0  . 


m 


19 


not  recognize  more  than  one  coarse  biotite-rich  bentonite  horizon  in 
his  area,  whereas  three  such  horizons  occur  north  of  his  area.  He 
used  the  coarse  bentonite  time  datum  to  deduce  a  slightly  diachronous 
nature  for  the  Base  of  the  Fish  Scales  marker  and  for  the  Viking 
Formation. 

From  1  to  a  maximum  of  8  bentonite  horizons  were  seen  in  most 
Viking  Formation  cores  examined  in  the  present  writer's  area.  They  are 
strati  graphically  distributed  through  a  maximum  thickness  interval  of 
100  ft.  Two  wells  (Great  Basins  et_  al_.  Bruce  10-13-47-16W4M  and 
10-13-30-11W4M)  show  8  and  6  bentonite  horizons  respectively.  •  This 
suggests  a  wide  stratigraphic  distribution  of  volcanic  ash  in  Viking 
times,  emphasizing  the  need  for  correlating  them  where  and  when  possible 
However,  the  apparent  variations  in  composition,  thickness,  degree  of 
preservation,  grain  size  and  geographic  distribution  of  these  bentonites 
initially  restricted  consideration  of  horizons  of  interest  to  five,  and 
finally  to  three.  In  general,  their  color  ranges  from  whitish-grey  to 
darker  grey  and  greenish-grey  in  places.  Some  of  the  darker  grey  and 
greenish-grey  bentonites  are  either  inter! ami nated  with  shale  or 
sparingly  mottled,  and  bioturbated.  These  colors  in  part  reflect  the 
varying  degrees  of  diagenetic  alternation  to  which  they  have  been 
subjected  for  the  past  100  ma.  in  relation  to  their  initial  composition. 
Megascopical ly  they  are  biotite-rich  although  the  biotite  grain  size 
varies  from  coarse  to  fine.  This  is  related  to  the  initial  composition 
and  distance  from  the  eruptive  centre,  which  in  turn  is  related  to  the 
paleo-wind  directions  at  the  time  of  deposition.  The  lithology  of 
enclosing  sediment  varies  from  shale  to  silty  shale,  sandy  shale,  silt- 
stone  and  silty  sand,  and  rarely  clean  sandstone.  This  complex 
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lithologic  association  is  due  to  the  interaction  between  the  nature 
and  rate  of  sediment  supply  on  one  hand,  and  sediment  dispersal  in  the 
environment  at  time  of  deposition. 

Figure  5  shows  the  approximate  stratigraphic  positions  of  some  of 
the  bentonite  beds.  They  have  been  labelled  A  to  E  in  increasing 
stratigraphic  age  for  convenience.  Figures  6  to  8  show  some  log 
correlated  bentonite  horizons  observed  in  the  map  area.  Tables  1  to  3 
show  the  well  name,  location,  cored  interval,  depth  and  thickness  of 
the  bentonitic  beds. 

Bentonite  1 E 1 

Figure  6  shows  the  subsurface  correlation  of  this  bentonite.  It 
is  the  oldest  of  the  bentonite  set  and  lies  at  the  base  of  the  Viking 
Sandstone  in  well  Ponderay  et  al_.  Youngstown  12-19-31-9W4M,  and  in 
silty  shale  approximately  26  ft.  below  the  base  of  the  Viking  Sandstone 
in  well  10- 13-30- 11W4M.  It  will  hence  be  regarded  as  the  basal  Viking 
bentonite  marking  the  end  of  Jol i  Fou  and  the  beginning  of  Viking  time. 

It  occurs  at  a  depth  of  2907  ft.  and  2903  ft.,  respectively,  in  cores 
and  logs  of  these  wells,  which  are  approximately  12  miles  apart. 

Thickness  varies  from  24  in.  in  the  former  well  to  15  in.  in  the  latter, 
decreasing  westwards  and  northwards.  Color  varies  from  light  grey  to 
dark  grey.  Texture  is  generally  coarse,  but  the  biotite  grain  size 
varies  from  .27  mm  to  .42mm.  In  Ponderay  et^  a]_.  Youngstown  12-19-31-9W4M, 
the  bentonite  fines  upward,  suggesting  gravity  differentiation  of  the 
minerals  in  relation  to  their  settling  velocities.  This  bentonite  was 
found  in  cores  between  twps.  29  and  53,  rges.  8  to  27  W4M.  South  of 
this  area  it  is  well  marked  in  most  logs,  while  northwards  it  becomes 
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indistinct.  Chemical  correlation  suggests  its  presence  in  well 
Minerals  Plains  10-12-53- 12W4M.  In  general,  its  stratigraphic  position 
is  fairly  constant  in  that  it  occurs  consistently  below  the  Viking 
sandbodies.  Table  la  shows  the  distribution  of  the  bentonite  as 
observed  in  some  wells  in  the  area. 

Bentonite  1 D1 

Figure  6  and  Table  lb  show  the  stratigraphic  position  and 
geographic  distributions  of  this  bentonite.  It  is  located  approximately 
20  ft.  above  the  basal  bentonite  in  wells  10-13- 30-11W4M  and  6-34-30-8W4M. 
In  cores,  it  occurs  at  depths  of  2882  ft.  and  2750  ft.  in  these  wells, 
respectively.  In  the  former,  it  is  6  ft.  below  the  base  of  the  Viking 
sand.  It  is  light  grey  in  color  and  the  thickness  varies  from  3  in. 
in  the  former  well  to  6  in.  in  the  latter.  Biotite  grain  size  is 
medium  to  fine  sand.  This  bentonite  appears  to  be  geographically 
restricted,  as  it  was  not  observed  in  other  cores,  and  as  such  was  not 
very  useful  in  this  study. 

Bentonite  *C' 

Figure  7  and  Table  II  show  the  stratigraphic  and  geographic 
distribution  of  this  horizon.  In  well  C.S.  Sulpetro  et  al_.  Farrel 
6- 12-34- 17W4M  it  is  encountered  at  a  depth  of  3479  ft.,  35  ft.  above 
the  basal  bentonite.  In  West  Coast  Sun  Petro  Smole  11-30-29-10W4M  it 
occurs  at  a  depth  of  2895  ft.,  36  ft.  above  the  basal  bentonite.  In 
the  above  locations  it  is  preserved  approximately  at  the  base  of 
another  Lower  Viking  sand  unit.  Its  maximum  thickness  is  about  15  in. 
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TABLE  la.  Geographic  and  Stratigraphic  Distribution  of  some  Observed  Occurrences  of  Bentonite 
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Figure  7.  Log  correlations  of  the  observed  occurrences  of  Bentonite 
Datum  line  =  Bentonite  'C'. 


TABLE  II.  Geographic  and  Stratigraphic  Distribution  of  some  Observed  Occurrences  of  Bentonite 
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in  well  Dome  HBPG  Provost  10-9-39-10W4M  at  a  depth  of  2718  ft.  The 
bentonite  is  medium  to  fine  in  texture,  including  the  biotite  grain 
size.  Color  varies  from  whitish  grey  to  dark  grey.  It  can  be  easily 
picked  in  some  logs  between  twps.  29  and  59,  rges.  10  to  27  W4M.  To 
the  south  of  this  it  possibly  runs  into  an  area  of  sand  deposition 
where  preservation  was  unusual  because  of  erosion  by  currents,  tides, 
or  waves. 

Bentonite  1 B 1 

In  wells  Provo  Halliday  13- 11-28- 14W4M  and  Calstan  Handhills 

10- 36-28- 14W4M,  a  coarse  biotite- rich  bentonite  is  located  in  silty 
shale  approximately  6  ft.  above  the  main  Lower  Viking  sand.  This 
horizon  is  about  80  ft.  above  the  basal  bentonite  in  the  former  well. 

It  occurs  at  depths  of  3131  ft.  and  3107  ft.,  respecti vely ,in  these 
wells,  and  the  thickness  ranges  from  3  in.  to  4  in.  In  cores,  it  is 
restricted  to  these  wells.  However,  it  can  be  picked  in  logs  in  the 
immediate  vicinity  of  these  wells  where  it  is  possibly  thicker. 
Deposition  in  sandy  environments  in  other  places  possibly  accounts  for 
its  restricted  occurrence,  making  it  not  very  useful  in  this  study.  Its 
stratigraphic  position  and  geographic  distribution  are  shown  in  Figure 

8  and  Table  Ilia. 

Bentonite  'A' 

This  is  the  youngest  coarse  biotite-rich  bentonite  in  the  Viking 
section  encountered  in  the  area.  Figure  8  and  Table  1 1 1 b  show  its 
stratigraphic  and  geographic  distributions.  In  well  Mobil  Matzim 

11- 23-23- 14W4M  it  lies  in  silty  shale  approximately  32  ft.  above  the 
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Figure  8.  Log  correlations  of  the  observed  occurrences  of  Bentonites  'A'  and  'B1. 

Datum  line  =  Bentonite  'A';  (*)  =  Bentonite  * B ' .  (logs  not  same  scale). 
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main  Lower  Viking  sand,  and  about  10  ft.  above  bentonite  1 B '  and 
approximately  90  ft.  above  the  basal  bentonite.  Here  it  is  12  in. 
thick  and  at  a  depth  of  2647  ft.  This  is  in  agreement  with  Tizzard 
(1974).  Farther  north  from  this  well,  at  Provo  Halliday  13-11-28- 14W4M, 
it  occurs  at  a  depth  of  3116  ft.  and  is  9  in.  thick  and  in  part  inter- 

laminated  with  shale  at  the  base.  Here  it  is  about  15  ft.  above  the 

' B 1  bentonite  and  95  ft.  above  the  basal  bentonite.  In  general 
bentonite  'A'  lies  strati  graphically  in  a  silty  shale  unit  between  the 
Lower  and  Upper  sandbodies.  Shades  of  color  vary  from  whitish  grey  to 
dark  grey.  Biotite  grain  size  ranges  from  .38  to  .53  mm.,  while 
thickness  varies  from  3  in.  to  12  in..  It  is  equivalent  to  the  thick 

bentonite  in  the  Suffield  area  (Tizzard  and  Lerbekmo,  1975).  Generally 

it  is  identifiable  in  logs  between  twps.  23  and  35,  rges.  8  to  27  W4M. 
North  of  this  area  it  is  probably  located  in  shale  beds  above  the  Viking 
sands  on  the  assumption  that  its  distribution  extended  to  this  area. 

The  three  bentonites  E,  C,  and  A  divide  the  Viking  sand  bodies  into 
three  stratigraphic  entities.  These  have  been  designated  the  'Basal', 
'Lower'  and  'Upper'  sands  for  convenience  and  in  agreement  with  the 
subdivisions  of  some  earlier  workers  (Figure  9).  The  thin  Basal  sand 
lies  between  bentonites  ' E '  and  'C',  and  the  Lower  sand  between  ' C '  and 
'A'  in  some  wells,  while  transgressing  'C'  in  other  wells.  The  Upper 
sand,  where  present,  overlies  the  'A'  bentonite. 

From  field  evidence,  it  appears  that  bentonite  'A'  is  geographically 
restricted  to  the  southern  part  of  the  study  area,  while  'C'  is 
restricted  to  the  north.  However,  ' E '  extends  across  both  areas, 
providing  a  link  between  the  other  two.  Thus,  a  transitional  area 
exists  in  which  the  three  horizons  overlap  in  space  and  can  be  reliably 
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picked  in  cores  and  well  logs  (e.g.,  11-13- 30-11W4M,  11-30-29-10W4M) . 

An  attempt  to  correlate  these  bentonites  with  those  used  by  Jones 
(1961),  and  Evans  (1970),  proved  unsuccessful.  This  is  due  to  distance 
and  the  poor  sand  development  in  their  areas. 

In  spite  of  the  seemingly  unique  stratigraphic  positions  of  the 
bentonites,  it  is  possible  to  misidentify  them  and  hence  produce  wrong 
correlations.  It  was  considered  necessary  to  confirm  and  support  the 
log  correlations  by  chemical  correlation,  expecting  that  the  bentonites 
could  be  distinguished  from  one  another  since  they  represent  different 
events  from  either  the  same  or  different  volcanic  centres. 
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Figure  9,.  Subdivisions  of  the  Viking  sandbodies  into  Basal, 

Lower  and  Upper  sand  units  usinq  Bentonites  A,  C,  and  E. 
(Left  -  SP. ,  Right  -  Resistivity) 


CHAPTER  5 


CHEMICAL  CORRELATION  OF  THE  VIKING  BENTONITES 


Bentonite  is  a  smectite-rich  clay  formed  from  the  decomposition 
of  volcanic  ash.  Thus,  it  represents  the  products  of  a  geologic 
event  at  a  point  in  time.  If  this  "time-point"  can  be  identified  and 
correlated  over  considerable  distances,  a  time  datum  can  be  established. 
Such  a  datum  can  be  useful  in  solving  many  geologic  problems,  including 
the  depositional  history  of  the  adjacent  beds. 

However,  if  the  bentonite  horizons  are  numerous  and  occur  in  the 
subsurface  at  close  stratigraphic  levels  with  possible  limited  lateral 
extent,  and  with  variations  in  thickness,  texture  and  degree  of 
preservation,  correlation  becomes  difficult;  more  so  if  they  are  of 
similar  aspect.  An  independent  objective  criterion  is  required  to  test 
any  proposed  correlation.  The  chemistry  of  volcanic  products  has  been 
found  to  satisfy  this  objective  on  the  assumption  of  slight,  if  any, 
regional  variation  in  post-deposi tional  alterations. 

Criteria  for  characterizing  and  discriminating  between  volcanic 
products  abound  in  the  literature,  and  were  critically  reviewed  by 
Smith  and  Westgate  (1968).  In  brief,  they  include  ranges  and  modal 
values  of  the  refractive  index  of  glass  shards;  mineralogy  and  relative 
abundance  of  the  phenocryst  assemblage;  bulk  chemical  composition 
involving  major,  minor  or  trace  elements;  chemistry  of  the  volcanic 
glass  fraction;  and  the  stratigraphic  position,  degree  of  weathering, 
thickness  and  grain  size.  These  have  been  variously  used  by  many 

workers  with  varying  degrees  of  sucess. 

Smith  and  Westgate  (1968)  analyzed  the  chemistry  of  volcanic  glass 
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from  the  Mazama  ash  (6600  yrs.)  in  the  U.S.A.  and  Canada,  the  Glacier 
Peak  ash  (ca.  12,000  yrs.),  the  St.  Helens  "Y"  ash  (ca.  3000  yrs.)  and 
the  Bridge  River  ash  (ca.  2500  yrs.)  using  the  electron  microprobe. 

They  found  the  following  elements  to  be  useful  in  identifying  all  of 
the  ashes:  namely  Ca,  K.  Fe,  Ca,  K,  Na. 

Quaternary  rhyolites  and  dacites  (obsidian  and  pumice)  from 
California  were  examined  using  X-ray  fluorescence  analyses  by  Jack  and 
Carmichael  (1969).  Sr,  Rb,  Zr,  Y,  Nb,  and  Pb  were  found  to  generally 
characterize  the  acid  extrusive  rocks.  However,  acid  volcanic  rocks 
from  two  volcanic  centres  could  not  be  characterized  or  distinguished 
chemically. 

Borchardt  et  al_.  (1972)  studied  the  glass  fractions  of  the  Bishop 
and  Pearlette-1 ike  ashes  of  Pleistocene  age  in  the  U.S.A. ,  using  the 
neutron  activation  technique.  They  found  Mn  and  Sm  to  be  the 
discriminating  elements. 

Merriam  and  Bischoff  (1975)  studied  the  trace  element  composition 
of  the  ash  and  pumice  from  some  occurrences  in  southern  California  using 
X-ray  fluorescence.  On  the  bases  of  the  Sr,  Zr  and  Rb  concentrations 
present,  they  correlated  this  ash  to  the  Pleistocene  Bishop  ash. 

Lerbekmo  et^  aj_.  (1975)  studied  the  composition  of  the  ilmenites 
of  the  Recent  White  River  ash,  Yukon  Territory,  using  the  microprobe 
technique.  They  found  that  the  Fe,  Ti ,  and  Mg  concentrations  were  the 
most  discriminatory. 

Yen  (1976)  examined  the  compositions  of  the  biotite  phenocrysts  in 

the  tuffs  from  the  Green  River  Formation  (Eocene)  of  Utah  using  X-ray 

fluorescence.  He  found  the  following  element  and  oxide  ratios,  ^  +  Mg, 

Mn  and  FeO  tQ  be  best  for  discriminating  between  individual  tuff  beds. 
Ti  MgO 
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From  the  few  studies  mentioned  above,  one  notices  the  absence  of 
consistency  in  the  choice  of  differentiating  criteria,  discriminating 
elements  and  analytical  techniques.  Yet  each  study  produced  satisfactory 
results.  This  suggests  that  there  are  no  simple  rules  governing  the 
characterization  of  volcanic  products  as  they  are  unique  events  in  time 
and  space  related  to  different  geologic  settings.  One  can  only 
conclude  that  volcanic  products  can  be  treated  within  the  above  general 
framework.  It  is  also  important  to  note  that  most  of  the  above 
volcanic  products  are  surface  exposures  and  relatively  young  (Eocene  - 
Recent).  They  have  not  been  long  subjected  to  strong  post-deposi tional 
changes,  and  we  should  therefore  expect  their  primary  chemistry  to  be 
only  slightly  modified,  if  at  all.  Their  occurrence  in  outcrops  also 
facilitates  visual  correlation. 

On  the  other  hand,  since  the  subsurface  Viking  Formation  bentonites 
are  of  Lower  Cretaceous  age,  one  would  expect  some  diagenetic  modifica¬ 
tions  of  their  chemistry.  The  occurrence  of  a  maximum  of  8  bentonite 
horizons  within  an  approximate  vertical  interval  of  100  ft.  gives  an 
average  rate  of  eruption, or  at  least  preservation,  of  one  per  12  ft. 
of  sediment.  Possible  similarities  in  composition  between  some  or  all 
of  the  bentonites  would  further  compound  the  problem  of  chemical 
correlation.  In  view  of  the  above  possible  problems,  and  consideration 
of  the  stratigraphic  and  geographic  distributions  of  the  bentonites, 
attention  was  focused  on  A,  C  and  E  bentonites. 

The  composition  and  small  sample  size  led  to  the  choice  of  the 
X-ray  fluorescence  technique  to  study  these  bentonites.  It  seemed 
likely  that  the  ratios  of  some  major,  minor  or  trace  element  combinations 
would  possibly  differentiate  them  irrespective  of  possible  attendant 
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diagenetic  changes. 

X-ray  Fluorescence  Analytical  Procedures 

Basic  X-ray  fluorescence  theory  and  instrumentation  are  treated 
by  Kiley  (1960),  Norrish  ejt  al_.  (1967)  and  Jenkins  (1967).  A  Phillips 
manual  vacuum  X-ray  spectrometer  PW  1410/00/10/60/70  was  used  for  the 
analyses.  A  tungsten  target  X-ray  tube,  evacuated  X-ray  path  (0.15  - 
0.2  torr),  flow  proportional  counter  with  methane  argon  (P10)  gas, 
pentaerythritol  (PET)  analyzing  crystal,  pulse  height  analyzer  (PHA), 
and  a  strip  chart  recorder  were  used  for  elements  lighter  than  titanium. 

A  scintillation  counter  was  used  for  the  titanium.  For  elements 
heavier  than  titanium,  the  X-ray  path  was  not  evacuated,  a  scintillation 
counter,  lithium  fluoride  220  (Lif  220)  analyzing  crystal,  and  a 
molybdenum  target  X-ray  tube  were  used.  Appendix  B  shows  the  operating 
conditions  for  the  analyses. 

Sample  Preparation 

Samples  selected  for  analyses  varied  in  texture  and  biotite  grain 
size.  This  variation  was  taken  into  consideration  during  grinding. 
Samples  were  ground  in  an  NV  Tema  swingmill,  type  T.100A.  Grinding 
times  varied  from  60  seconds  to  30  seconds  at  full  speed  for  coarse  and 
medium  textured  samples  respectively.  This  was  in  an  attempt  to 
approach  uniformity  in  grain  size.  The  effect  of  grinding  times  was 
evaluated  by  comparative  XRF  runs  on  the  same  sample  with  different 
grinding  times.  No  difference  was  observed  in  peak  counts. 

Approximately  1^2  To  2  g.  of  sample  was  diluted  with  acetone  to 
prevent  disaggregation  and  sample  splitting  and  to  ensure  coherence. 


3? 


The  preparation  was  then  put  in  a  lk  in.  diameter  copper  cylinder  and 
pressed  at  about  50,000  psi  into  a  cellulose-backed  briquette  for 
about  3  minutes.  This  presents  a  smooth  surface  to  the  incident  X-ray 
beam.  A  preliminary  study  of  a  set  of  briquettes  in  which  the  volume 
of  ground  bentonite  was  varied  from  1  to  4  volumes  showed  no  difference 
in  counting  rates.  This  served  as  a  control  for  the  sample  size  and 
thickness  used  for  the  analyses. 

Calibration  Procedure 

Comparisons  of  the  peak  height  and  element  concentration  in  a 
known  standard  to  the  peak  of  the  element  in  the  unknown  sample, 
provide  a  good  approximation  of  the  element  concentration  in  the 
unknown  sample  as  shown  in  equation  1  below. 

Csp  =  iff x  Cst  (n 

where  Csp  =  unknown  concentration  of  an  element 
in  the  sample 

Cst  =  known  concentration  of  an  element  in 
the  standard 

Isp  =  peak  intensity  of  X-ray  line  of  the 
element  in  the  sample 

1st  =  peak  intensity  of  X-ray  line  of  the 
element  in  the  standard 

This  procedure  was  used  for  calibration. 

The  relatively  large  number  of  samples,  related  to  the  regional 
nature  of  the  study,  and  availability  of  standards  limited  analysis  to 
some  of  those  elements  previously  found  useful  by  previous  workers  who 
used  XRF  in  characterizing  volcanic  rocks. 
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Standards 

Appendix  C  shows  the  analyses  and  standards  employed  for  calibration 
in  this  study.  The  problem  of  interference  effects  necessitates  that 
standards  used  for  calibration  be  similar  in  composition  and  texture  to 
the  unknowns.  A  series  of  bentonites  previously  analyzed  in  the  Dept, 
of  Geology,  University  of  Alberta,  certain  U.S.G.S.  standards,  and 
analyzed  samples  of  the  Pierre  Shale,  were  available  in  the  Dept,  of 
Geology,  University  of  Alberta,  and  used  for  this  study.  Thus, 
relatively  good  standards  in  terms  of  similarity  in  composition  were 
available  for  A1 ,  K,  Ca,  Ti ,  Mn,  and  Fe,  while  less  similar  standards 
had  to  be  used  for  Rb,  Sr,  and  Zr. 

Operating  Conditions 

An  initial  survey  scan  over  the  fluorescence  spectrum  of  the 
samples  was  made  to  ascertain  the  presence  of  elements  of  interest. 

This  was  followed  by  three  specific  scans. 

The  first  scan  was  at  a  speed  of  1°20  per  minute,  using  LIF  220 
analyzing  crystal,  molybdenum  X-ray  tube,  scintillation  counter  at  1000 
volts,  60  Kv  and  50  ma,  and  a  spinner;  20  range  covered  was  from  25° 
to  45°. 

In  the  second  scan,  the  X-ray  path  was  evacuated  (0.15  -0.2  torr), 
and  the  sample  scanned  from  4O°20  to  147°20  at  a  speed  of  1°26  per 
minute  using  a  tungsten  X-ray  tube,  gas  flow  proportional  counter  at 
1600  volts,  PET  analyzing  crystal  and  power  of  50  Kv  and  50  ma. 

The  third  scan  was  at  a  speed  of  1°20  per  minute  with  the  X-ray 
path  evacuated  (a.15  -  0.2  torr)  and  sample  scanned  from  25°20  to  45°20, 
using  a  tungsten  X-ray  tube,  scintillation  counter  at  1000  volts,  PET 
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analyzing  crystal  and  power  of  55  Kv  and  50  ma. 

These  scans  confirmed  peak  heights  and  determined  background 
positions  for  the  following  element  groups  respectively:  Zr,  Sr,  Rb, 

Fe,  Mn;  A1 ,  K,  Ca;  and  Ti. 

Samples  were  run  two  at  a  time  for  each  element.  The  total 
counts  on  the  K  alpha  peak  and  the  background  for  each  element  were 
obtained  over  a  fixed  time  which  was  10  seconds  for  Fe  and  Ca,  and  100 
seconds  for  the  others.  For  Fe  and  Ca  this  counting  time  was  repeated 
10  times,  giving  a  uniform  counting  time  of  100  seconds  for  all  elements. 
The  background  count  for  each  element  was  determined  by  finding  the 
average  count  of  two  background  positions  one  on  each  side  of  the  peak. 
This,  however,  assumes  symmetry  in  the  location  of  these  points  with 
respect  to  the  peak  position.  In  practice  this  is  not  always  the  case, 
and  as  such  constitutes  a  possible  source  of  small  error  for  which  it 
is  difficult  to  compensate.  Background  readings  for  the  elements  Sr, 

Rb,  and  Zr  were  obtained  directly  from  the  spectrum  using  the  x-y 
recorder  because  of  the  high  background  intensity  associated  with  low 
20  values.  The  net  peak  count  was  obtained  by  subtracting  the  average 
background  count  from  the  peak  count. 

The  analysis  for  each  element  was  conducted  separately  and  in  one 
day  without  changing  the  settings  on  the  instrument  so  as  to  minimize 
instrument  drift.  Reproducibility  of  the  intensity  was  achieved  by 
making  repeated  counts  and  by  using  a  long  counting  time. 

Calibration  Curves 

The  calibration  'curves'  are  shown  in  Appendix  D.  They  were 
constructed  by  plotting  net  peak  intensities  against  weight  percent  of 
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the  elements  and  drawing  a  linear  regression  line  through  the  points. 

The  scatter  is  relatively  small  for  Zr,  Ca,  Ti,  Rb,  Mn,  and  K,  where¬ 
as  a  somewhat  greater  scatter  of  points  exists  for  A1 ,  Fe,  and  Sr, 
but  is  still  considered  reasonably  good.  Factors  possibly  responsible 
for  scatter  include  heterogeneity  of  the  samples,  interfering  radiations, 
and  previous  and  present  analytical  errors.  All  prepared  samples  are 
subject  to  certain  types  of  errors  (weighing,  mixing,  contamination  or 
incipient  cracks).  Since  the  standards  were  prepared  and  analyzed  by 
someone  else,  these  error  sources  are  difficult  to  evaluate. 

Analysis  of  Unknowns 

This  involved  the  determination  of  peak  heights  and  background 
readings,  and  obtaining  the  net  peak  height  as  for  the  standards.  The 
net  peak  height  was  then  used  to  determine  the  corresponding  concentration 
of  element  from  the  calibration  curve  or  regression  equation.  The 
results  are  given  in  terms  of  weight  percent  of  elements  so  as  to  be 
consistent  with  the  present  accepted  methods  of  presenting  rock  analysis. 
Table  IV  shows  the  element  concentrations  of  bentonites  A,  B,  C,  D, 
and  E. 

Discussion  and  Application  of  Results 

A  primary  objective  of  this  study  was  to  find  out  whether  or  not 
some  chemically  significant  differences  exist  between  the  bentonites. 

If  such  were  present,  it  would  serve  to  characterize  them  and  could  be 
utilized  as  a  correlation  tool. 

Table  IV  shows  that  only  slight  variations  exist  in  the  element 
concentrations  of  the  bentonites.  In  general,  trace  element  (Zr,Sr,Rb) 
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TABLE  IV.  Percentage  Chemical  Composition  of  Bentonites  Obtained  by  X-ray 
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variations  within  and  between  bentonites  are  small.  However,  the 
observed  concentrations  may  reflect  primary  compositions.  Variations 
in  the  A1  concentration  were  also  minimal.  Lack  of  significant 
variations  in  the  concentrations  of  these  elements  between  bentonites 
limits  their  usefulness  in  characterizing  and  correlating  the 
bentonites  chemically. 

Concentrations  of  the  element  groups  Mn,  Fe;  and  K,  Ca,  and  Ti, 
show  greater  variations  between  bentonites.  Variations  within  bentonites 
are  also  present  but  not  significant.  The  within  bentonite  variation 
could  be  mainly  due  to  post-deposi tional  alterations,  contamination  and 
possibly  to  analytical  errors.  The  between  bentonite  variations  could 
be  related  to  the  primary  compositions  of  the  volcanic  ashes. 

Mn  concentrations  for  the  bentonites  vary  almost  linearly  with  Fe, 
as  reflected  in  the  average  concentrations  (A;  Mn  =  0.029,  Fe  =  3.77); 

(C;  Mn  =  0.026,  Fe  =  3.1);  (E;  Mn  =  0.086,  Fe  =  4.41).  This 
relationship  reflects  their  geochemical  affinity. 

On  the  average,  bentonite  A  is  relatively  high  in  potassium  (.99%), 
medium  in  Ca  (.98%),  and  low  in  titanium  (.54%).  On  the  other  hand, 
bentonite  C  is  low  in  potassium  (.42%),  medium  in  Ca  (.78%),  and  high 
in  titamium  (.88%),  while  bentonite  E  is  relatively  high  in  Ca  (1.6%), 
and  medium  in  titanium  (.94%)  and  potassium  (.87%).  These  variations 
suggest  that  some  combination  of  these  elements  might  successfully 
correlate  the  bentonites. 

Trace  elements  have  a  strong  diadochic  substitution  for  major 
elements,  e.g.,  Mn-Fe,  Sr-Ca,  Rb-K,  Mn-Ca  and  so  on.  It  was  therefore 
thought  that  geochemical ly  similar  pairs  of  elements  would  constitute 
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a  useful  correlation  tool.  Any  variation  in  the  origin  of  either  of 
the  two  elements  as  a  function  of  time  should  be  apparent.  However, 
possible  variations  in  mineralogy  related  to  the  environment  of 
deposition  and  di agenesis  should  also  affect  the  degree  of  substitution 
and  should  be  expected,  assuming  a  high  degree  of  analytical  precision 
was  obtained.  Reasoning  along  these  lines,  element  ratios  of  Ca/Sr 
and  Rb/K  for  31  samples  were  plotted  on  an  X-Y  coordination  system  to 
see  if  the  bentonites  would  be  differentiable.  Figure  10  shows  the 
scatter  plot.  It  differentiates  the  5  bentonites  fairly  well,  but  6 
samples  overlap,  representing  approximately  19%  of  the  total.  •  Samples 
VB2785A  and  VB3042A  fall  into  the  field  of  bentonite  1 E '  ;  VB 186 IE  falls 
into  the  field  of  bentonite  'A';  and  VB2684C,  VB3246C  and  3455C  fall 
into  the  field  of  bentonite  'A'  (see  Tables  I - 1 1 1  for  sample  locations). 
Furthermore,  individual  groups  show  considerable  scatter,  especially 
bentonite  ' E ' .  Diagenetic  effects  and  analytical  errors  are  possible 
sources  of  scatter. 

Relative  concentrations  of  Ca,  K,  and  Ti  were  converted  to 
relative  percent  and  plotted  on  a  triangular  diagram.  Figure  11.  This 
diagram  differentiates  the  bentonites  better  than  the  above  element 
ratios.  However,  three  discrepancies  occur,  representing  13%  of  the 
samples.  Potassium  content  of  the  bentonites  appears  generally  to 
increase  with  decrease  in  geologic  age.  Bentonites  1 E 1 ,  1 D ' ,  and  'C 
are  the  oldest  and  lowest  in  K  content,  while  bentonites  'A'  and  1 B '  are 
younger  and  higher  in  K  content.  In  this  diagram,  the  fields  show 
relatively  smaller  scatter. 

These  two  plots  were  the  only  ones,  among  many  that  were  tried, 
that  correlated  well  with  the  log  correlations  of  the  bentonites  (see 
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Figure  11.  Triangular  plot  of  Ca,  T1 ,  and  K  relative  percent  concentrations,  showing 
the  fields  of  five  bentonite  beds:  A,  B,  C,  D,  end  E. 
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Figures  6,  7  and  8).  The  agreement  between  the  two  correlation  schemes 
satisfies  one  of  the  objectives  of  this  exercise  and  supports  the 
existence  of  5  independent  bentonite  horizons  in  the  Viking  Formation. 
This  also  makes  it  possible  to  establish  3  time  planes  within  the 
formation.  These  planes  have  been  used  to  divide  the  Viking  sandbodies 
into  three  basic  units:  Basal,  Lower,  and  Upper  Viking  sandbodies 
(Figure  9). 


CHAPTER  6 


SOURCE  AREA  OF  THE  VIKING  BENTONITES 


Biotite  Grain  Size  Distribution 

Grain  size  distribution  of  volcanic  products  may  be  useful  to 
characterize  them  and  to  infer  the  direction  of  the  eruption  centre. 

It  was  hoped  that  this  parameter  would  be  useful  in  this  study  but 
sample  limitations  allowed  only  a  study  of  the  latter  to  be  attempted. 
The  biotite  grain  size  of  seven  'A'  and  six  ' E 1  bentonite  samples 
was  measured. 

Method 

Samples  were  crushed  in  a  ceramic  mortar,  and  water  and  a  small 
quantity  of  Calgon  added.  The  latter  prevents  flocculation  and 
facilitates  disaggregation  of  the  fine  particles.  The  preparation 
was  left  for  5  hours  to  ensure  complete  disaggregation.  The  mixture 
was  then  blended  for  about  3-5  minutes  and  poured  into  a  beaker.  The 
coarse  particles  were  allowed  to  settle  for  three  seconds  and  then 
recovered  wet  by  decanting  off  the  fine  sizes. 

The  dried  samples  were  sieved  through  a  200  mesh  sieve.  The 
fraction  coarser  than  this  size  was  passed  through  a  Frantz  isodynamic 
separator  model  L-l  under  a  moderate  magnetic  field,  so  as  to  separate 
the  magnetic  minerals  from  other  non-magnetic  minerals.  It  was  observed 
that  the  magnetic  susceptibilities  of  this  mineral  differed  from 
sample  to  sample,  possibly  in  relation  to  biotite  grain  size,  as  the 
coarse  grains  were  the  most  magnetic.  Frantz  settings  for  each  sample 
were  selected  by  trial  and  error. 


49 


50 


The  biotite  separates  were  mounted  on  slides  with  the  aid  of 
aroclor,  and  allowed  to  dry.  A  1/100  mm  monochromatic  lens  was  used 
to  calibrate  the  eye  piece  of  the  optical  microscope  (.01mm  =  .012mm). 

The  longest  diameters  of  the  largest  twenty  biotite  grains  in  each 
sample  were  measured,  and  the  sizes  of  the  largest  ten  averaged. 

Table  V  shows  the  biotite  grain  size  distribution  and  Mn/Fe  ratios  for 
bentonites  'A',  'C',  and  ' E 1 . 

Discussion 

Biotite  grain  size  distribution  for  bentonite  'A'  is  greater  than 
that  of  1 E ' .  When  plotted  on  a  map.  Figure  12,  the  1 E *  bentonite  appears 
to  have  a  roughly  southwestern  source.  The  'A1  bentonite  grain  size 
variation  does  not  show  any  recognizable  trend. 

Figures  13a,  b,  c  show  the  contoured  maps  of  Mn/Fe  ratio  for 
bentonites  'A',  'C',  and  ' E ' .  When  the  map  for  bentonite  1 E '  (Figure 
13a)  is  superimposed  on  the  biotite  grain  size  distribution  map,  an 
apparent  correlation  becomes  obvious,  suggesting  that  a  positive  linear 
relationship  exists  between  maximum  biotite  grain  size  and  Mn/Fe  ratio. 

If  we  accept  the  hypothesis  that  the  source  of  bentonite  ' E '  lay 
roughly  to  the  southwest,  then  the  above  relationship  also  indicates  a 
variation  in  element  chemistry  with  distance  from  source.  These 
observations  may  support  the  observations  of  Lerbekmo  and  Campbell 
(1969),  that  the  relationship  of  chemistry  to  distance  from  source  is 
a  function  of  particle  size,  although  their  size  data  were  not 
restricted  to  single  mineral  components. 

If  the  above  relationship  is  correct,  then  it  could  be  used  to 
infer  the  approximate  direction  to  the  location  of  other  eruptions. 
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Table  V.  Biotite  Grain  Size  (mm)  Distribution  and  Mn/Fe 
Ratios  for  Bentonites  'A',  'C',  and  '  E ' . 


BENTONITE  A 


Well 

Location 

Sample 

No. 

Biotite  Grain 
Size  (mm) 

Mn/Fe  Ratio 

11-23-23-14 

VB2647A 

0.42 

0.002 

14-26-25-12 

VB2785A 

0.49 

0.006 

13-11-28-14 

VB3116A 

- 

0.004 

10-36-28-14 

VB3097A 

0.53 

0.003 

11-30-29-10 

VB2866A 

0.38 

0.005 

7-22-29-14 

VB3088A 

0.50 

0.006 

11-  7-30-12 

VB3101A 

0.47 

0.013 

7-10-30-12 

VB3042A 

- 

0.015 

6-23-30-14 

VB3153A 

0.50 

0.003 

10-20-30-12 

VB3007A 

- 

0.011 

BENTONITE  C 

Well 

Sample 

Biotite  Grain 

Location 

No. 

Size  (mm) 

Mn/Fe  Ratio 

11-30-29-10 

VB2895C 

. 

0.02 

10-13-30-11 

VB2866C 

- 

0.02 

6-12-34-17 

VB3479C 

- 

0.01 

6-21-36-17 

VB3455C 

- 

0.01 

10-  9-39-10 

VB2719C 

- 

0.002 

14-  4-51-22 

VB3330C 

- 

0.01 

7-11-46-20 

VB3246C 

- 

0.01 

7-16-39-11 

VB3684C 

- 

0.004 

8-30-47-10 

VB2166C 

- 

0.002 

BENTONITE  E 

Well 

Sample 

Biotite  Grain 

Location 

No. 

Size  (mm) 

Mn/Fe  Ratio 

10-13-30-11 

VB2903E 

0.29 

0.02 

6-34-30-  8 

VB2770E 

- 

0.014 

12-19-31-  9 

VB2907E 

0.37 

0.01 

11-11-32-11 

VB2998E 

0.42 

0.043 

2-22-36-11 

VB3023E 

0.38 

0.01 

4-28-41-26 

VB4821E 

0.30 

0.015 

10-12-53-12 

VB1861E 

0.29 

0.01 

6-12-34-17 

VB3516E 

' 

0.02 

52 


Figure  12. 


Areal  distribution  of  maximum  biotite  grain  size  for 
Bentonite  ' E ' .  Cl  =  .lmm. 
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in  the  absence  of  any  other  meaningful  criteria.  When  this  idea  is 
applied  to  bentonite  1 C '  (Figure  13b),  the  Mn/Fe  ratio  map  indicates 
a  southwesterly  source  area.  The  map  for  bentonite  'A'  tends  to 
suggest  a  north-northeasterly  source  for  the  volcanic  ash,  (Figure  13c), 
but  such  a  source  area  is  at  present  unknown.  The  southwestern  source 
area  deduced  for  bentonites  1 E 1  and  'C'  is  consistent  with  the  known 
tectonic  events  in  the  area  during  deposition  of  the  Viking  Formation 
(Eisbacher,  1977;  Wheeler  ert  al_. ,  1972)  (Figure  14). 

The  plot  of  Ca/Sr  ratio  against  biotite  grain  size  for  bentonite 
'A'  (Figure  15)  may  also  indicate  a  positive  linear  relationship,  but 
is  very  uncertain  because  of  the  single  mineral  component  used  in  the 
analysis.  In  general,  a  larger  sample  size  would  be  required  before 
any  great  weight  could  be  placed  on  the  above  interpretations. 
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Figure  13.  Mn/Fe  ratio  maps 
for  Bentonites 

a)  * E'  -  Cl.  =  0.01 

b)  'C'  -  Cl.  =  0.005 

c)  'A'  -  Cl.  =  0.02 


PROBABLE  DIRECTION  OF  MOTION  OF  THE  PACIFIC  PLATE 
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Figure  14.  Palcogeograpnic  map  of  the  Lower  Cretaceous  of  Western 

Canada.  (Modified  from  (Wheeler  et  al_. ,  1972;  Stelck  and 
Williams,  1975;  Rudkin,  1964;  Kauffman,  1977;  Eisbacher, 
1977.)) 
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Figure  15.  Plot  of  Ca/Sr  ratio  against  maximum  biotite  grain 
size  for  bentonite  'A'. 
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CHAPTER  7 


DEPOSITION  OF  THE  VIKING  SANDBODIES 


Geologic  cross  sections  are  used  to  illustrate  and  depict 
interpreted  conditions  within  a  portion  of  the  earth's  crust. 
Stratigraphic  sections  use  time-markers  where  possible  to  correlate 
and  interpret  the  depositional  history  of  the  lithologic  units. 

Well  log  studies  and  chemical  analyses  have  differentiated 
three  different  bentonite  horizons  in  the  Viking  Formation.  These  in 
turn  subdivide  the  Viking  sandbodies  into  three  units  as  earlier 
indicated.  The  depositional  behavior  of  these  sandbodies  in  relation 
to  the  time  planes  will  now  be  discussed. 

Cross  Sections 

Eight  stratigraphic  sections  (Figures  16-28)  were  constructed 
across  the  study  area  using  the  Viking  bentonite  time  planes;  Figure 
16  shows  their  locations.  The  'A'  bentonite  horizon  was  depended  upon 
because  it  is  the  most  recognizable  and  easiest  to  identify  in  well 
logs.  However,  discussion  will  involve  the  other  two  bentonite  time 
planes  where  possible.  In  general,  the  sections  show  the  stratigraphic 
position  of  the  Viking  Formation  relative  to  the  time  planes  so  that 
its  depositional  pattern  can  be  more  easily  visualized. 

Section  D-D'  (Figure  17)  is  an  east-west  section  taken  along 
township  27  between  ranges  10  and  28W4M,  constructed  with  the  A 
bentonite  as  datum.  It  is  oriented  at  a  high  angle  to  the  northwest- 
southeast  Viking  strandline. 

Along  the  line  of  cross-section,  the  basal  bentonite  can  be 


57 


< 

■ 


58 


Figure  16.  Location  map  of  cross  sections. 
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reliably  picked  in  most  well  logs.  To  the  west  in  well  6-26-27-21W4M, 
it  occurs  in  shale  about  56  ft.  below  the  base  of  the  Upper  sand.  In 
well  7-10-27-11W4M  to  the  east  it  occurs  in  silty  shale  about  6  ft. 
below  the  base  of  the  Lower  sand. 

Using  the  Basal  bentonite  as  a  time  datum  it  is  seen  that  the  first 
clean  sandstone  development  occurred  in  the  east.  This  is  called  the 
'Lower  Viking  sandstone'.  Its  base  prograded  westward  as  evidenced  by 
the  westward  increase  in  thickness  of  the  shale  and  silty  shale 
interval  between  it  and  bentonite  'E',  which  increases  from  6  ft.  in 
well  7-10-27- 11W4M  to  40  ft.  in  well  10-24-27-16W4M.  This  sandstone 
pinches  out  into  shale  west  of  well  10-21-27-17W4M  and  to  the  east  of 
well  11-29- 17- 10W4M.  Maximum  thickness  of  50  ft.  to  60  ft.  occurs  in 
wells  7-9-27-14W4M  and  6-22 -2 7- 13W4M .  Although  the  latter  contains 
some  shale  interbeds  indicative  of  intermittent  progradation  in  this 
area,  in  general,  the  axis  of  maximum  sand  development  lay  between  wells 
7-9-27- 13W4M  and  6-22-27- 13W4M. 

A  marine  deepening  arrested  this  sand  development  and  allowed 
accumulation  of  the  volcanic  'A'  bentonite  and  silty  shale  deposits. 

East  of  well  10-21-27- 17W4M,  the  'A'  bentonite  shows  up  very  well  in 
logs,  but  becomes  indistinct  to  the  west.  Relative  to  this  datum, 
western  and  eastern  Upper  sand  units  appear  to  have  developed  about 
the  same  time.  However,  the  western  sand  developed  first  and  prograded 
eastwards  relatively  quickly.  This  is  deduced  from  the  fact  that  the 
sand  was  being  deposited  at  the  same  time  as  bentonite  'A'  in  well 
2-29-27-28W4M,  but  to  the  east  the  base  of  the  sand  maintains  a  fairly 
constant  position  a  few  feet  above  the  bentonite  up  to  well  10-21-27- 17W4M, 
where  the  sand  begins  to  shale  out.  In  well  2-29-27-28W4M  this  western 
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Upper  sand  attains  its  maximum  thickness  of  53  ft. 

At  the  same  time,  an  eastern  Upper  sand  was  rapidly  prograding 
westward.  The  silty  shale  interval  between  the  Lower  and  Upper  sands 
is  absent  in  well  7-10-27-11W4M,  and  about  20  ft.  thick  between  wells 
6-22-27-13W4M  and  10-24-27-16W4M.  Its  maximum  thickness  of  40  ft. 
occurs  in  well  7-10-27-11W4M.  In  well  10-21-27-17W4M,  the  siltstone 
facies  of  the  eastern  sand  appears  to  overlap  the  western  sand.  In 
general,  the  base,  and  probably  the  top, of  the  Viking  sand  units  along 
this  section  is  diachronous. 

Figure  18  shows  section  E-E '  taken  in  a  north-south  direction 
through  townships  23  to  47,  range  14W4M,  and  constructed  with  the  'A' 
bentonite  time  plane  as  datum.  It  is  roughly  at  45°  to  the  paleo- 
strandline. 

In  the  southern  part  of  the  cross-section,  in  wells  14-23-26-14W4M 
and  10-16-31-14W4M,  for  example,  the  basal  bentonite  is  16  ft.  and  18 
ft.,  respectively,  below  the  base  of  the  lower  Viking  sand.  To  the 
north,  it  is  4  ft.  and  20  ft.  below  the  sand  in  wells  11-28-35-14W4M 
and  10-27-38- 14W4M,  respectively.  Therefore,  a  thin  basal  sand  was 
first  deposited  in  the  vicinity  of  well  11-28- 35-14W4M,  where  it  is 
about  6  ft.  thick.  This  sand  unit  extended  southward  to  the  vicinity 
of  well  11-31-33- 14W4M,  beyond  which  it  disappears.  In  well  11-28-35- 
14W4M,  it  is  overlain  by  12  ft.  of  silty  shale. 

Following  the  formation  of  this  sand,  two  sandbodies  began  to  form, 
one  in  the  south  and  one  in  the  north,  at  about  the  same  time.  Relative 
to  the  basal  bentonite,  the  base  of  the  lower  southern  sand  appears  to 
have  prograded  rapidly  northward  between  wells  14—2 3—26— 14W4M  and 
3-14-29-14W4M,  as  it  maintains  a  fairly  constant  position  of 
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approximately  15  ft.  above  the  bentonite.  Between  wells  10-16-31- 14W4M 
and  11-31-33- 14W4M,  intermittent  progradation  is  suggested  by  the 
multiple  sand  development.  This  sand  body  pinches  out  rapidly 
immediately  north  of  well  6-22-32-14W4M,  as  it  seems  absent  in  well 
14-7-34-14W4M.  A  southward  pinchout  also  occurs  beyond  well 
11-23-23-14W4M.  This  suggests  that  the  axis  of  maximum  sand  thickness 
lay  between  wells  14-23-26-14W4M  and  3-14-29-14W4M,  where  the  thickness 
ranges  from  45  to  50  ft. 

Localized  multiple  sand  development  appears  to  characterize  the 
Lower  northern  sand.  In  well  10-20- 36-  14VJ4M  there  is  a  26  ft.  thick 
sand  (above  the  Basal  sand)  which  appears  to  pinchout  rapidly  to  the 
immediate  south,  while  it  seems  to  have  prograded  rapidly  northward 
beyond  well  13-11-47- 14W4M.  Another  thin  sand  about  12  ft.  thick  in 
well  10-21-37-14W4M  prograded  southward  and  possibly  overlapped  the 
southern  sand  in  well  11-31-33- 14W4M. 

A  marine  incursion  during  which  the  'A'  volcanic  ash  was  deposited 
terminated  deposition  of  the  southern  and  northern  Lower  sand  bodies. 

To  the  north  of  well  6-22-32-14W4M,  the  transgression  brought  sand 
deposition  to  an  end,  while  to  the  south  an  Upper  Viking  sand  succeeded 
It. 

Relative  to  the  'A'  bentonite,  the  Upper  sand,  which  is  13  ft. 
thick  in  well  14-23-26-14W4M,  prograded  rapidly  northward  to  the  vicinity 
of  well  10- 16-31- 14W4M.  In  these  wells  its  base  is  18  ft.  and  22  ft., 
respectively,  above  the  time  horizon. 

In  general,  the  base  of  the  Viking  Formation  in  this  cross-section 
is  slightly  diachronous,  as  opposed  to  its  top,  which  is  very  diachronous 
and  older  to  the  north.  This  supports  Evans  (1970)  observation  that 
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the  top  of  the  Viking  Formation  is  older  to  the  northeast  and  younger 
to  the  south.  Figure  19  is  a  generalized  sketch  showing  the 
depositional  behaviour  of  these  sand  units  relative  to  the  'A'  and  1 E ' 
time  planes  for  sections  a)  D-D‘  and  b)  E-E* . 

Section  F-F'  is  oriented  approximately  in  a  southwest-northeast 
direction  from  townships  27  to  36  and  ranges  19  to  10,  and  constructed 
with  the  Basal  bentonite  ' E '  as  datum  (Figure  20).  It  runs  almost 
perpendicular  to  the  Viking  strandline  and  should  show  the  greatest 
diachroneity  if  the  sand  unit  is  regressive  (Jones,  1961). 

Relative  to  the  Basal  bentonite,  a  Basal  sand  first  developed 
between  wells  10-3-36-104M  and  6-12-33-13W4 ,  pinching  out  southwestward 
before  well  10-29-32-14W4M.  Another  local  Basal  shaly  sand  developed 
between  wells  1-33-29-17W4M  and  10-1-30-18W4M.  In  these  wells  the 
sand  is  underlain  by  the  Basal  bentonite.  The  northeastern  Basal  sand 
is  overlain  by  silty  shale  while  the  southwestern  one  was  overlain 
almost  immediately  by  the  Lower  sand  unit. 

In  wells  1-33-29-17W4M  and  10-1-30- 18W4M  to  the  west,  the  base  of 
the  Lower  sand  is  about  15  ft.  above  the  Basal  bentonite;  whereas 
between  wells  4-1-31- 16W4M  and  6-12-33-13W4M,  it  occurs  approximately 
28  ft.  above  the  datum.  This  indicates  rapid  northeastward  progradation 
after  localized  development  for  some  time,  and  shows  maximum  diachroneity 
of  the  base  of  this  sand  in  this  section.  Maximum  thickness  varies  from 
65  to  70  ft.  and  occurs  in  wells  1-33—29— 17W4M  and  10-1-30-18W4M, 
respectively.  The  Lower  sand  unit  shales  out  southwest  of  well 
11-5-28-18W4M.  To  the  east,  around  wells  10-29-32-14W4M  and  6-12-33-13W4M, 
it  becomes  a  distinct  multiple  sand  and  finally  is  restricted  to  a 
single  10  ft.  thick  sand  unit  in  wells  10-35-35-1 1W4  and  10-3-36-10W4 . 
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Figure  19.  Sketch  of  gross  lithologic  distribution  for  sections 

a)  D-D' 

b)  E-E* 
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It  shales  out  northwestward  in  the  immediate  vicinity  of  well  16-2 1-34- 12W4, 
and  northeasterly  beyond  well  10-3-36-10W4.  Since  the  stratigraphic 
position  of  the  bentonite  'A'  is  inferred  in  these  wells*  ft  is 
equally  probably  that  the  10  ft.  thick  sand  in  well  10-3-36-10W4 
developed  locally  at  about  the  same  time  as  the  lower  southwestern  sand, 
as  the  silty  shale  interval  between  its  base  and  the  top  of  the  basal 
sand  appears  to  increase  toward  well  10-35-35-1 1W4 .  This  interpretation 
implies  that  it  pinches  out  around  well  10-35-35- 11W4 . 

The  'A'  bentonite  occurs  in  silty  shale  deposited  by  a  marine 
deepening  which  terminated  the  development  of  the  Lower  sand.  An  Upper 
sand  prograded  southwestward  relative  to  this  time  plane  from  well 
10-32-31-15W4M  toward  well  6-31-27- 19W4  where  it  may  overlap  another  local 
thin  sand  unit.  To  the  east  of  well  10-29-32-14W4,  the  'A'  bentonite 
is  not  distinct  and  appears  to  lie  in  the  overlying  shale  unit.  This 
again  suggests  that  the  top  of  the  Viking  sand  is  younger  to  the  west, 
implying  that  it  is  diachronous  and  that  the  lower  part  of  the  overlying 
shale  to  the  east  formed  during  Viking  time. 

Section  G-G 1  is  oriented  approximately  in  a  southeast-northwest 
direction  through  townships  22  to  36  and  ranges  8  to  28W4M  (Figure  21). 

It  is  almost  parallel  to  the  paleo-strandline,  the  axis  of  maximum  sand 
development;  the  'A'  bentonite  is  the  datum. 

Along  this  section  the  first  sand  to  be  deposited  is  the  Lower 
sand  unit.  Maximum  sand  development  occurs  in  wells  7-13-22-8W4M  and 
7-21-32-19W4M  where  it  reaches  a  thickness  of  90  and  70  ft.,  respectively. 

A  fairly  constant  thickness  of  about  50  ft.  occurs  in  the  intervening 
area.  It  thins  towards  the  west  and  shales  out  in  well  3-22-39-27W4M. 

Between  wells  7-13-22-8W4M  and  11- 12-30- 17W4M  to  the  west,  the 
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basal  bentonite  lies  almost  at  the  base  of  the  Lower  sand.  This 
relationship  suggests  non-diachroneity  of  the  base  of  this  unit  in 
this  area,  and  that  the  Lower  sand  developed  here  at  about  the  same 
time  as  the  Basal  sand  in  townships  33  and  34,  ranges  12  to  14W4M.  In 
wells  11-7-26-13W4M  and  11-15-28- 15W4  the  base  of  the  sandstone  occurs 
about  13  ft.  and  17  ft.  above  the  basal  bentonite.  Ho wever,  these 
wells  are  slightly  off  the  axis  of  main  sand  development. 

West  of  well  11-12-30-17W4,  the  basal  bentonite  is  not  quite  as 
distinct  in  well  logs.  Between  wells  6-20-34-24W4  and  4-29-31-18W4 , 
it  appears  to  lie  between  15  and  10  ft.  below  the  base  of  this  sand  and 
30  to  35  ft.  between  wells  6-27-34-27W4  and  7-24-36-28W4 .  This  implies 
that  this  sand  may  be  slightly  diachronous  in  this  area  and  therefore 
older  to  the  east.  The  relationship  of  the  top  of  this  sand  to  the  'A' 
bentonite  supports  this  inference,  as  the  silty  shale  interval  between 
them  increases  in  thickness  eastward  from  8  ft.  in  well  7-24-36-28W4  to 
24  ft.  in  well  7-20-32-19W4.  East  of  this  well,  the  interval  is  fairly 
constant  (20  to  22  ft.),  except  in  wells  10-33-28- 15W4  to  11-7-26- 13W4 
which,  as  earlier  mentioned,  are  on  the  flanks  of  this  sand  unit. 

Relative  to  the  'A'  bentonite  the  base  of  the  thin  Upper  sand 
appears  to  have  prograded  eastward  from  well  7-3-33-20W4  as  the  silty 
shale  interval  increases  in  thickness  in  this  direction.  It  is  4  ft. 
in  the  above  well  and  25  ft.  in  well  11-7-26- 13W4M.  It  is  about  20  ft. 
thick  in  well  7- 31-29- 16W4M.  Another  eastern  Upper  sand  appears  to 
prograde  westward  from  well  7-13-22-8W4  to  well  10-33-28-15W4. 

These  relationships  show  that  the  top  of  the  Upper  sand  is 
diachronous  in  this  section.  In  general,  diachroneity  of  the  base  of 
the  Viking  sand  in  this  section  appears  minimal.  This  possibly  agrees 
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Figure  22.  Sketch  of  gross  lithologic  distribution  for  sections: 

a)  F-F' 

b)  G-G' 
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with  the  observations  of  Jones  (1961)  and  Tizzard  (1974),  that  parallel 
to  the  Viking  strandline,  we  should  expect  only  slight  diachronism. 

Figure  22  shows  the  sketched  distribution  of  these  sand  units  relative 
to  the  'A'  and  1 E 1  time  planes  for  section  a)  F-F*  and  b)  G-G' . 

Section  H-H1  is  oriented  roughly  in  a  southwest-northeast 
direction  along  townships  34  to  36,  ranges  13  to  25W4M  (Figure  23). 

It  is  constructed  with  the  'A'  bentonite  as  datum. 

The  bentonite  horizons  are  not  very  distinct  in  these  well  logs. 
However,  the  basal  bentonite  has  been  correlated  in  wells  7- 35-36- 15W4 
and  11-28-35- 14W4 .  Here  it  underlies  the  Basal  sand.  West  of  well 
15-3-35- 19W4,  the  'A'  bentonite  shows  up  fairly  well  in  the  well  logs. 

The  Lower  sand  appears  in  the  western  three  wells  and  attains  a 
maximum  thickness  of  about  50  ft.  East  of  well  11-2-34-20W4,  this  sand 
rapidly  pinches  out  as  sand  development  is  very  poor  and  even  lacking 
in  some  wells. 

To  the  east  of  well  4-30-34-18W4,  a  multiple  sand  development 
appears  to  have  occurred  during  the  same  time  span  as  the  western  Lower 
sand.  These  eastern  sand  units  appear  to  shale  out  west  of  well 
7-30-35- 17W4M  and  east  of  well  6-25-36-13W4M,  respectively.  The  Upper 
sand  is  poorly  developed  in  this  section.  In  this  area  the  'A' 
bentonite  therefore  overlies  the  Viking  sand. 

Section  I- I'  goes  through  townships  59  to  30  and  ranges  27  to  11W4M 
in  a  northwest-southeast  direction  (Figure  24).  It  is  constructed  with 
the  1 C'  bentonite  as  datum. 

The  basal  bentonite  can  be  picked  with  confidence  in  well  logs  to 
the  east  of  well  9-9-44-17W4M.  In  this  area  it  underlies  the  Basal  sand. 
In  well  6-31-32- 12W4M  it  lies  in  silty  shale  2  ft.  below  the  Basal  sand. 
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while  in  well  7-10-30-12W4M  it  occurs  in  silty  shale  30  ft.  below  the 
base  of  the  Lower  sand.  To  the  west  of  well  9-9-44-17W4M  it  becomes 
indistinct  and  difficult  to  locate  in  well  logs.  However,  should  it 
extend  westward,  it  should  underlie  the  Basal  sand. 

The  thin  Basal  sand  was  the  first  to  develop  in  this  section.  In 
wells  9-9-44-17W4M  and  6-31-32-12W4M,  it  is  respectively  25  and  4  ft. 
thick.  It  appears  to  have  prograded  westward  relative  to  the  datum  as 
its  top  is  25  ft.  below  the  datum  in  well  6-31-32-12W4M  and  15  ft.  in 
well  8-16-47-20W4M.  Progradation  appears  to  have  been  rapid  between 
wells  6-31-32- 12W4M  and  11-16-46-20W4M,  as  the  silty  shale  interval 
between  its  top  and  the  datum  maintains  a  fairly  constant  thickness  of 
about  25  ft.  It  pinches  out  into  silty  shale  to  the  east  of  well 

6- 31-32-12W4M. 

The  ' C'  bentonite  underlies  the  Lower  sand  throughout  the  section. 
This  suggests  that  the  base  of  this  sand  unit  constitutes  a  good  time 
marker.  Between  wells  10-13- 30-11W4M  and  10-24-33-12W4M,  a  multiple 
Lower  sand  development  occurred.  It  is  about  25  ft.  thick  in  well 

7-  10-30- 12W4M ,  but  pinches  out  to  the  immediate  west  to  well  10-24-33-12. 
This  sand  unit  is  the  terminal  part  of  the  main  Lower  sand  to  the  south 
of  they  study  area. 

As  the  Lower  eastern  sand  was  being  deposited,  a  western  sand 
began  to  form  west  of  well  10-24-33- 12W4M.  It  is  about  40  ft.  thick  in 
well  11-33-59-27W4M.  It  pinches  out  to  the  east  of  well  6-21-36-17W4M. 
This  sand  is  an  independent  northwest-southeast  trending  sand  unit  to 
the  north  of  the  study  area  and  will  be  discussed  briefly  in  the  sections 
to  follow.  It  parallels  the  paleo-strandline. 

The  'A'  bentonite  occurs  in  silty  shale  above  the  Lower  sand  in 
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wells  7-10-30-12W4M  and  10-13-30-11W4M.  To  the  west  of  these  wells  it 
is  indistinct  in  well  logs.  However,  it  appears  to  lie  in  the  overlying 
shale  unit  except  in  well  11-33-59-27W4M  where  it  is  possible  that  it 
occurs  in  the  shale  interbed  between  the  Lower  sand  and  an  upper  thin 
sand.  This  assumes  that  its  distribution  extends  to  this  area. 

Along  this  trend  the  Viking  sand  is  not  diachronous.  Figure  25 
is  a  sketch  of  the  probable  distribution  of  the  sandbodies  relative  to 
the  three  bentonite  horizons  for  sections  a)  H-H'  and  b)  I - 1 1 . 

Section  J- J '  encompasses  townships  27  to  52  and  ranges  28  to  19W4M. 
It  is  oriented  approximately  in  a  southwest-northeast  direction  and 
constructed  with  bentonite  ‘A1  as  datum  (Figure  26). 

The  basal  bentonite  in  wells  15-35-40-25W4M  and  10-3-41-25W4M  has 
been  reliably  correlated  to  a  nearby  well  (see  Figure  7,  well  14-28-41- 
26W4M) ,  where  it  was  observed  in  the  core.  In  the  other  wells  it  is 
indistinct  and  difficult  to  pick.  In  the  above  wells  (15-35-40-25W4M 
and  10-3-41-25W4M)  it  possibly  occurs  in  shale  about  5  ft.  below  the 
basal  sand.  The  thin  Basal  sand  appears  to  have  prograded  rapidly 
southwestward  from  well  10-33-5 1- 19W4M ,  shaling  out  immediately  west  of 
well  15-35-40-25W4M. 

Bentonite  'A'  was  confidently  correlated  in  wells  6-36-34-26W4M 
and  10-13-35-26W4M.  In  the  other  wells  its  position  is  less  certain, 
but  inferred  to  lie  above  the  Lower  sand  east  of  well  16-25-36-26W4M  and 
in  the  Lower  sand  west  of  well  11— 17-28— 26W4M . 

Relative  to  the  datum  the  Lower  sand  gradually  prograded  westward 
from  well  10-33-51- 19W4M  where  it  attains  a  maximum  thickness  of  about 
50  ft.  and  disappears  west  of  well  6-36-34-26W4M.  The  shale  interval 
between  the  top  of  the  sand  and  the  datum  decreases  in  thickness  in  the 
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Figure  25.  Sketch  of  gross  lithologic  distribution  for  sections: 

a)  H-H* 

b)  i-r 
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same  direction,  from  about  20  ft.  in  well  10-3-41-25W4M  to  10  ft.  in 
well  6-36-34-26W4M  and  finally  to  zero  in  well  10-14-27-28W4M. 

The  Upper  sand  prograded  northeastward  from  well  10-14-27-28W4M, 
and  pinches  out  east  of  well  10-13- 35-26W4M.  It  is  about  45  ft.  thick 
in  the  former  wel 1 . 

Relative  to  the  top  of  the  underlying  Viking  Formation,  the  Base 
of  the  Fish  Scale  Marker  is  approximately  located  64  ft.,  104  ft.,  and 
140  ft.  respectively  in  wells  10-14-27-28W4M,  10-13-25-26W4M,  and 
10-3-41-25W4M  above  the  Viking  Formation.  This  relationship  shows  that 
the  Lloydminster  Shale  thickens  in  a  northeast  direction  along  the  line 
of  section,  which  supports  earlier  interpretation  that  the  Viking  Formation 
isyounger  to  the  south.  With  respect  to  the  'A'  bentonite,  the  Base  of 
the  Fish  Scale  Marker,  the  Viking  Formation  and  the  base  of  the  Joli  Fou 
Shale  are  all  generally  diachronous. 

Section  K-K'  is  taken  along  townships  44  and  45,  ranges  8-27W4M 
in  an  east-west  direction.  It  is  constructed  with  the  basal  bentonite 
as  datum  (Figure  27),  but  this  bentonite  is  not  very  distinct  in  well 
logs  except  in  well  6-20-44-15W4M  where  it  occurs  in  silty  shale  at  a 
depth  of  2751  ft.,  about  30  ft.  below  the  thin  Lower  sand  unit.  East 
of  this  well  it  is  reliably  correlated  and  appears  to  lie  in  silty  to 
sandy  shale  beds  below  the  Basal  sand.  West  of  well  6-20-44-15W4  it  is 
referred  to  underlie  the  thin  Basal  sand. 

Relative  to  the  datum,  the  Basal  sand  appears  to  have  prograded 
westward  pinching  out  beyond  well  2-8-44-27W4M.  The  silty  shale  to 
shale  interval  between  the  datum  and  the  bottom  of  the  sand  appears  to 
increase  in  thickness  in  this  direction,  from  almost  zero  in  well 
7-12-44-13W4M  to  about  8  ft.  in  the  former  well,  where  it  attains  a 
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maximum  thickness  of  10  ft. 

The  Lower  sand  is  thick  in  the  west  and  thins  to  the  east.  In 
wells  13-2-44-22W4M  and  12-24-44- 13W4M  it  is  37  ft.  and  12  ft.  thick 
respectively.  A  rapid  progradation  appears  to  have  occurred  between  wells 
10-30-44-12W4M  and  1-20-44-18W4M.  A  temporary  slow-down  in  the  rate  of 
progradation  might  account  for  its  thickness  between  wells  11-30-44-20W4M 
to  13-2-44-22W4M.  It  pinches  out  to  the  west  of  well  2-8-44-27W4M. 

The  position  of  the  'A'  bentonite  is  inferred  to  be  above  the  sand 
in  the  overlying  shale.  The  base  of  the  Viking  sand  in  this  section 
appears  slightly  diachronous.  Figure  28  is  a  sketch  showing  an 
interpretation  of  the  lithofacies  distribution  relative  to  the  'A1  and 
1 E 1  bentonites,  for  sections  a)  J- J '  and  b)  K-K'. 

Fence  Diagram 

Figure  29  is  a  fence  diagram  which  embraces  the  area  almost  enclosed 
by  townships  21  to  47,  ranges  3  to  28W4M  (full  size  fence  diagram  in 
pocket).  It  integrates  the  cross-sections  previously  described  and 
synthesizes  them  in  pictorial  form.  This  facilitates  visualization  of 
the  lithofacies  distributions,  direction  of  maximum  sand  movement,  and 
the  general  depositional  sequence  in  three  dimensions.  It  was  constructed 
relative  to  the  ' E '  and  'A'  bentonite  time  planes. 

The  Basal  bentonite  ' E '  marks  termination  of  Joli  Fou  time  and  the 
beginning  of  Viking  time  in  the  area.  A  westward  prograding  northwest- 
southeast  trending  Basal  thin  sand  was  the  first  sand  deposit  of  this 
sea.  Following  it,  southern  and  northern  Lower  sand  bodies  began  to 
form  almost  simultaneously,  but  earliest  in  the  southeast.  The  southern 
sand  body  trends  northwest-southeast  and  no  main  direction  of 
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Figure  29.  FENCE  DIAGRAM  OF  THE  VIKING  FORMATION 

[Twps*  21  to  44,  Rges*  3  to  28  W4M]  (—Bent. 
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progradation  is  obvious,  except  in  the  southeast  where  both  westward 
and  eastward  progradations  are  indicated,  suggestive  of  two  opposing 
directions  of  sand  transport.  The  northern  Lower  sand  trends 
approximately  in  the  same  direction  as  the  southern  and  appears  to  have 
prograded  toward  the  west.  Shale  development  in  wells  in  the  centre  of 
the  area  separates  the  southern  and  northern  Lower  sand  bodies. 

t 

A  probable  deepening  halted  sand  formation  almost  throughout 
the  area,  and  deposited  silty  shale,  preserving  a  volcanic  ash  ('A' 
bentonite)  deposit.  This  event  marks  essentially  the  termination  of 
sand  formation  in  the  north,  but  in  the  south  a  final  phase  of  sand 
deposition  followed. 

Initial  southwestern  and  southeastern  Upper  sand  bodies  prograded 
towards  one  another  almost  at  the  same  time.  The  latter  overlaps  the 
former  in  the  south-central  part  of  the  area  around  townships  27  and  28, 
ranges  17  to  14W4M.  This  observation  confirms  an  earlier  suggestion  of 
two  opposing  directions  of  sand  transport  during  Viking  deposition. 

These  sand  bodies  also  terminate  rather  abruptly  around  wells 
14-17-34-14W4M  and  4-3-37-20W4M,  in  a  similar  fashion  to  the  underlying 
Lower  sand.  This  last  southern  phase  of  sand  development  brought 
Viking  deposition  to  an  end  in  this  area. 
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CHAPTER  8 


SUMMARY  AND  CONCLUSIONS 


A  study  of  Viking  well  logs  and  cores  has  revealed  the  presence 
of  bentonite  horizons  throughout  the  study  area.  A  maximum  of  eight 
bentonite  horizons  with  differing  textures  and  thicknesses  were  observed 
in  a  single  well.  Five  of  these  were  differentiated  chemically  using 
Sr/Ca  and  Rb/K  ratios,  and  a  triangular  plot  of  K,  Ca,  and  Ti.  Three 
of  the  bentonites  have  been  regionally  correlated  and  in  turn  used  to 
correlate  the  Viking  Formation  in  south-central  Alberta. 

The  bentonite  time  planes  show  three  periods  of  sand  development 
in  the  area.  A  medium-  to  coarse-grained  biotite-rich  thick  bentonite 
( 1 E 1 )  marks  the  beginning  of  Viking  time  and  underlies  the  Basal  thin 
sand  in  places.  This  sand  body  trends  northwest-southeast  and  prograded 
slightly  to  the  west. 

Following  this,  a  slight  marine  deepening  deposited  r  shales 
and  silty  shales,  and  preserved  a  volcanic  ash  fall  ( * C *  bentonite)  in 
the  north,  whereas  deposition  of  the  Lower  sand  had  already  begun  in  the 
southern  and  central  parts  of  the  area.  This  Lower  sand  body  also  trends 
in  a  northwest-southeast  direction,  acquiring  a  maximum  thickness  of 
about  80  ft.  in  the  southeast.  Both  westward  and  eastward  growth  of 
the  sand  body  are  indicated. 

In  the  north,  a  northwest-southeast  trending  Lower  sand  developed 
in  places  immediately  after  deposition  of  the  1 C1  volcanic  ash.  This 

independent  sand  body  prograded  westward. 

The  differential  progradation  of  these  sand  bodies  created  a 
lagoon-like  area  between  them  where  little  or  no  sand  deposition 
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occurred.  Most  of  the  Viking  sands  in  the  study  area  were  deposited 
during  this  time  interval. 

Another  marine  deepening  completely  terminated  sand  deposition  to 
the  north  and  preserved  another  thick  coarse  biotite-rich  volcanic  ash 
('A'  bentonite)  and  silty  shale  deposits  in  the  southern  and  central 
parts  of  the  area. 

Southeastern  and  southwestern  Upper  sandbodies  followed  the  marine 
deepening.  They  developed  at  about  the  same  time,  but  prograded  in 
opposite  directions.  Deposition  of  these  sandbodies  brought  Viking 
deposition  to  an  end  in  the  south  and  central  parts  of  the  area. 

This  complex  sedimentation  pattern  accounts  for  the  diachronous 
nature  of  the  formation.  The  top  of  the  formation  is  older  to  the 
north  and  younger  to  the  south.  This  observation  is  in  agreement  with 
Evans  (1970)  who  noted  that  the  top  of  the  Viking  Formation  in  south¬ 
western  Saskatchewan  is  older  to  the  northeast  and  younger  to  the 
south.  Parallel  to  the  paleo-strandline  the  formation  is  only  slightly 
diachronous. 

Biotite  grain  size  distribution  and  Mn/Fe  ratio  maps  tentatively 
suggest  that  the  source  area  for  the  1 E '  and  'C'  bentonite  beds  lay  to 
the  southwest,  while  that  of  bentonite  'A'  lay  to  the  northwest  of  the 
study  area  but  is  uncertain. 

The  suggested  linear  relationship  between  biotite  grain  size, 

Rb/K  and  Mn/Fe  ratios  supports  the  model  of  change  in  chemistry  of 
volcanic  ash  as  a  function  of  grain  size  and  distance  from  source. 

South  of  this  area,  Tizzard  (1974)  interpreted  the  sand  units  as 
offshore  barrier  bars.  East  of  these  bars  in  the  Dodsl and-Hoosier  area 
in  southwest  Saskatchewan,  Evans  (1970)  interpreted  the  sand  bodies  as 
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of  tidal  current  origin.  In  the  present  study  no  attempts  have  been 
made  to  evaluate  the  depositional  environment.  However,  more  data  are 
needed  to  evaluate  the  depositional  environment  of  these  sandbodies. 

This  work  will  serve  as  a  framework  to  be  used  by  later  workers 
to  differentiate  and  correlate  the  Viking  bentonites  in  other  areas  of 
Alberta  and  Saskatchewan.  These  may  enable  an  extensive  time  network 
datum  to  be  established  in  the  Viking  Formation,  which  is  necessary 
before  detailed  depositional  history  can  be  unravelled. 
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Figure  18.  Cross  Section  E-E' 
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Figure  23.  Cross  Section  H-H1  . 
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Fig. 29.  Detailed  fence  diagram  of  the  Viking  formation 

(Twps:  21  -44,  Ranges:  3 -28  W4M) 
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